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On protection against the inhibitory action of fluoride 
Protection conferred by substrate in the 
respiration and fermentation of bakers yeast 


BY 

JOHN RUNN8TE0M, RONALD GURNEY and ERIK SPERBER 

(Wenner Grens-Inst for Exper, Biol., Stockholm) 

(With 23 figures) 

(28.L41.) 
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I. Introduction. 

In experiments on the inhibitory action of sodium fluoride on bakers yeast already repor- 
ted (2) the fluoride was in general added to the yeast suspension before the substrate (glucose). 

Bespiration as well as fermentation were measured by means of the Warburg manometric 
method. The main compartment of the vessel contained a yeast suspension in succinate-succinic 
acid buffer. The fluoride was added from a side-arm to the yeast suspension 10 minutes (in 
certain cases 0, 6, 20, 30 etc. minutes) before the glucose which was added from a second side-arm. 

It was shown that the inhibition by fluoride is closely correlated to the strength of the 
endogenous respiration. When this is small or almost zero the inhibition of the oxidation 
and fermentation of added glucose by a certain concentration of fluoride (e.g. 26 m mol/1) is 
strong. The higher the endogenous respiration of the cells the lower the degree of inhibition of 
the breakdown of glucose conferred by fluoride added before the glucose. The inhibition of the 
oxidation of glucose found its expression in a lower slope of the sum curves of the oxygen con- 
sumption as a function of time. The degree of inhibition evidently is determined by the action 
of the fluoride during the period between the addition of fluoride and that of glucose. 

Enzymologla. Vol. X, 1. 
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For some experiments yeast with a lower endogenous respiration was prepared by starving 
the yeast. A suspension of yeast in distilled water was shaken for about sixteen hours in a water- 
bath at 26®, the cells were separated from the water on the centrifuge and resuspended in the 
buffer solution. This starved yeast was very sensitive to the fluoride which was added before 
the glucose. This was interpreted as due to an increased permeability to fluoride in the starved 
as compared with the ^normal” yeast. The increase of the permeability in its turn would be 
caused by the absence of the endogenous respiration which in the starved yeasts is almost 
abolished. Miss M. Malm has in this laboratory made a thorough study of the penetration of 
NaF into the cells of bakers yeast (3). She was able to demonstrate by direct chemical esti- 
mations of the changes of fluoride content in the suspension medium that the fluoride in fact 
penetrates more rapidly into the starved cells than into the non-starved (^normal*') cells. By 
further work, however, Malm arrives at the conclusion that not only the permeability 
but also an other variable factor, the ,, sensitivity** of the enzyme itself, deter- 
mines the degree of inhibition caused by certain concentrations of fluoride. 

It has been shown already (2) that the addition of glucose to some extent protects 
the cells against the inhibitory action of fluoride. This was evident already from the fact that 
the rate of respiration observed after a pre-treatment with fluoride usually remains nearly constant 
after the addition of glucose. It was supposed that the addition of glucose decreased the per- 
meability of the cell surface to fluoride. It has been shown by Malm that the addition of glucose 
to the cells has no influence whatsoever on the rate of penetration of fluoride into the cells. 

It is evident that the addition of the substrate acts directly on the mole- 
cules of the fluoride sensitive enzyme. 

It is known that a carrier in the respiratory system is attacked by fluoride. The po- 
tential of this carrier is in the neighbourhood of that of cytochrome b according to data pre- 
sented by Borei^' ®). The blocking of the carrier by fluoride gives rise to the inhibition of the 
respiration. It must be inferred that the carrier in question is rendered less sensitive to fluoride 
by the previous addition of glucose. Not only glucose but every oxidizable substrate seems to 
be endowed with the capacity of rendering the pertinent carrier less sensitive towards fluoride. 

In the fermentation reaction chain likewise a link especially sensitive to fluoride is present. 
It is known that, in extracts from brewers’ yeast or muscle, fluoride inhibits the enolase 
acting in the transition from 2-phosphoglyceric acid to phosphopyruvic acid, cf. Meyerhof '7). 
It seems likely that in the living cell also this is the point of attack of fluoride on the fermen- 
tation system. Malm 3) has shown that the rate of penetration of fluoride into the cells is larger 
under anaerobic than under aerobic conditions. Addition of glucose is however ineffec- 
tive in influencing the rate of penetration of fluoride, as under aerobic condi- 
tions. The addition of glucose, however, confers a considerable protection of the fermentation 
against the inhibitory action of fluoride. This must then be due to the fact that the addition of 
the glucose renders the pertinent link of the fermentation system less sensitive towards fluoride. 

The fluoride sensitive enzymatic link acting in respiration and that acting in fermentation 
behave in a very similar way in respect to the inhibition conferred by fluoride. This is, however, 
not sufficient reason for assuming an identity of the enzymes in question. On the contrary, 
observations reported by Borei®) speak rather decisively against an identity; some fundamen- 
tal similarity must exist between the two enzjrmes forming the basis for the striking conformity 
of behaviour described in previous (2) and present work. 

II, Methods and notation. 

The respiration and fermentation were measured by the Warburg manometrio method. As in 
the earlier experiments conical manometric flasks with two side-arms and one central cup were used. 
The substrate was added from one of the side arms, the sodium fluoride was added from the other. 
Both the substrate and the fluoride were introduced into the side-arms in the dissolved state, each 
solution in general having a volume of 0,3 ml. The concentrations given below in millimoles per litre 
(m mol/1) refer to the final concentrations after the addition of the content of the side-arms to the 
main compartment of the manometric flasks. Into this a certain quantity of a yeast suspension in 
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succinate-succinic acid buffer solution was measured. This buffer is designated in what follows as „s-s- 
buffer”. The ph was adjusted to 5. The final concentration of the s.s.-buffer was as in our previous 
experiments 83 m.mol/1. The final volume of the samples (after the additions from the side-arms) 
amounted to 2,4 ml. The buffer concentration and the volume of the sample were the same in all the 
experiments carried out. In general no further mention of the buffer and the volume of the sample is 
made below in the special descriptions of the experiments. Each sample contained in the aerobic 
experiments generally 20 mg, in the anaerobic experiments generally 12 mg of yeast, wet weight (dry 
matter 27 — 28 %). When no special mention is made of the quantity of yeast per sample it amounted 
to 20 mg. 

The oxygen consumption was measured as usual in an apparatus with 10 % KOH, 0,3 ml, added 
to the central cup, the diameter of which was great enough to allow a renewal of the surface by 
shaking (a small strip of filter paper was added to increase the absorbing surface). 

When values for the production of carbon dioxide under aerobic conditions were required a second 
apparatus was added, in which KOH in the central cup was replaced by 0,3 ml water. From the pres- 
sure differences in this second apparatus and the oxygen consumption known from the readings of the 
apparatus with KOH the COj-production was calculated in the usual way. At the ph prevailing no 
carbon dioxide was bound chemically in the course of the experiment. 

Two parallel flasks, one containing KOH, the other not, are designated below as a pair. In the 
figures the numbers with which the curves are marked correspond to the numbers in the tables. 

The respiratory quotient in the oxidative breakdown of glucose is unity and it has been 
shown (®) that this is also so in the living yeast cell. Thus a quantity of carbon dioxide is formed 
in respiration which is equal to the quantity of oxygen consumed. The surplus of carbon dioxide 
observed in the aerobic experiments with glucose corresponds to the aerobic fermentation. 

In the anaerobic experiments the air was replaced by nitrogen passed over glowing copper. In 
more rigorous experiments the last traces of oxygen were removed either by placing a piece of white 
phosphorus in the central tube of the vessel or preferably by measuring 0,3 ml chromous chloride into 
the central cup. 

The yeast used for the experiments was, as in previous work, kindly provided by the Swedish 
Yeast Factory Ltd. (Rotebro). The yeast delivered is quite free from contamination. The type chiefly 
used is designated in the factory as „D 5”. It has been cultivated under strong aeration and with con- 
tinuous addition of the molasses as well as of the ammonium salts. The cells are in a resting stage; 
only few cells in division are observed. A distinct vacuole and distinct scattered metachroma tic bodies 
are present in the cells. 

In describing the procedure we shall use the expression glucose'' to mean that 

in the experiment in question the fluoride has been added before the glucose, and the expression 
,,glucose->fluoride” to mean that the glucose has been added before the fluoride. In the latter 
case the reading started generally immediately after the addition of glucose. In the curves an 
arrow markes the point of addition of fluoride. Sometimes in such experiments the readings 
started only after the addition of fluoride. After a short preliminary period of increasing rate a 
stationary initial rate is adopted by respiration or fermentation. 

The stationary rate of respiration or fermentation has been determined graphically from 
the sum curves. The quotient: stationary rate of respiration or fermentation in presence of 
fluoride over the stationary rate in the corresponding control is designated below as n, 
the remaining respiration or fermentation; 1 — n is then the inhibition. This no- 
tation is in keeping with that used by Warburg in his work on the inhibition of respiration 
with carbon monoxide. 

Owing to a decrease of the substrate concentration the sum curves break away earlier or 
later. After the break the slope of the curves is somewhat lower but may remain constant for 
some time. The rate corresponding to this is called the ,,/inaZ rate”. 

If the fluoride is added before the glucose, the curves on the whole have the same form as 
the control curve (though the slopes are lower or sometimes higher than those of the control). 
The rates in general can be determined easily by graphical estimation of the slopes of the curves. 
If the fluoride is added after the substrate the rate at first is equal to that of the control. After 
a certain time however the curve separates from the control; the slope of the curve gradually 
changes until finally a rate is attained which may remain constant for some time. This is again 
the ,,/maZ rate". Neither the initial nor the final rate in this case is sufficient to give a full de- 
scription of the curve. 


I* 
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It will be more convenient to give instead some measure of the average rate of 
respiration or fermentation during the experiment. For this purpose the area (A) 
included between each curve and the horizontal axis has been calculated 

The remaining respiration, n, is in these cases defined as the quotient: the A- value for a 
sample with fluoride present over the A-value for the corresponding control. Since, however, 
the value of n does not give any indication of the form of the curve, the reproduction of some 
of the numerous curves drawn during the course of this research seemed necessary. The experi- 
ments were interrupted arbitrarily after a certain time, generally after 180 minutes, sometimes 
after 210 or 240 minutes. At this time the rate of 02-consumption or C02-produotion in several 
samples might still have been far from zero, while in other samples the 02 -consumption or 
COj-production already had stopped. It would have been more correct to continue the measure- 
ments until the processes studied in all the samples had arrived at zero and to draw the velocity 
diagrams instead of the sum curves and to calculate the areas A of the complete curves. This 
procedure would have been impracticable. A further complication is the stimulation effect 
conferred by fluoride ^). We think however that the mode of calculation adopted is sufficient 
for the purpose of giving a relative value of the degree of inhibition conferred by fluoride in 
different concentrations and under different ciroumstances. 

The method of calculating A-values was adopted sometimes also for experiments of the 
type fluoride— >- glucose, when the form of the curves made the statement of the stationary rates 
less significant. 

In the tables it will be evident from the context on which basis the n-values have been 
calculated. The n-values are useful in giving some idea as to the relative degree of protection 
prevailing under different conditions. It has already been mentioned in § 1 that the yeast ob- 
tained from the factory is more resistant to attack by fluoride than this same yeast when it has 
been starved to some extent (2), We ascribe this greater resistance to „jynmary •ptoieciion'* of 
the enzyme. The protection conferred by added substrate we shall call „addiiwnal protection**. 
This notation has proved to be convenient in the discussion of the experiments. It seems pro- 
bable according to results obtained by Malm 2) that, in discussing the primary protection, the 
permeability of the cell surface to fluoride cannot be entirely neglected. Certain results to be 
described below speak, however, in favour of the view that permeability plays only a minor 
role as compared with the direct protection of the enzyme molecules by derivatives of substrates. 
These substrates may have been administered during the previous cultivation of the yeast 
(giving ^primary protection**) or added in the course of the experiment (giving ^additional 
protection**). In the starved yeast the degree of primary protection depends on the extent to 
which the yeast has been starved. 

When different experiments are compared considerable variations are found in the range 
of concentrations of fluoride conferring inhibition. The prehistory of the cells is doubtless 
responsible for these variations as will be evident from experiments to be described below. The 
mass of yeast cells added does not essentially influence the degree of inhibition by fluoride within 
the range 5 — 50 mg wet weight per sample (2.4 ml). The results described in the experimental 
part of this paper are typical representatives of a greater number of experiments carried out. 

in. Experimental part. 

1} Fluoride added before and after the substrate. The experiment shown in 
Table I and Fig. 1 and 2 demonstrates the considerable difference between the inhibitory action 
of fluoride according to whether it has been added before or after the substrate, glucose. 

♦) For this calculation the well known Simpson formula has been used; A = ^ (yo 4- 4yi -f- 

o 

2y, 4- y^n); h is in our calculations equal to 10 minutes, y^ y, y, and so on the consumption or pro- 
duction of Of or OOg respectively after 10, 20, 80 etc. minutes. If nothing is stated to the contrary 
the calculation of A is bai^ in tMs paper on 18 values (duration of experiment 180 minutes). Wh^ as 
in some experiments only 17 values were available a 18th value was obtained by extrapolation. 
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TABLE I. t = 30°. 


No. 

1 1 

1 2 

3 

4 1 

5 

Glucose 23.2 mmol/1 . . . 

-b 

-f- 

“f* 

+ 

+ 

added after minutes .... 

0 

10 

10 

0 

0 

Fluoride 37.6 mmol/1 . . . 


-f 



+ 1 



added after minutes . . . 


0 




60 mmol/1 



— 

4" 



-f* 

added after minutes . . . 

— 

— 

i ^ 

— 

10 

la. A, /1IO2 X minutes . . 

114,000 

31,100 


96,200 

79,500 

n 

— 

0.27 


0.85 

0.70 

Ib. initial rate /il02/minute 

7.8 

1.9 


7.8 

7.8 

n 

— 

0.24 


1.00 

1.00 

Ic. final rate /xlO,/minute 

G.7 

1.7 

0.2 

3.8 

1.1 

n 

0.86 

0.22 

0.03 

0.49 

0.14 

ni 

— 

0.25 

0.03 

0.57 

0.21 

II. A, fjbl fermentation CO2 






X minutes 

24,700 

9,170 

3,790 

52,880 

39,040 

n 


0.37 

0.15 

2.13 

1 

1.58 


One pair of manometers corresponds to each column of the table. Thus both the O 2 con- 
sumption (I) and the aerobic fermentation (II) can be calculated from the data available. The 
readings were started when the glucose was added and the measurements were continued 
over a period of 180 minutes. Fig. 1 gives the sum 
curves of the Og-consumption. The arrow marks the 
time of addition of fluoride in samples 4 and 5. The 
slope of each curve at any point corresponds to the total 
activity of the enzyme at that time. In curve 2 the 
slope is nearly constant, showing that the activity of 
the enzyme changed little during three hours after the 
addition of glucose; the slope is, however, less than one- 
third of that of the control (Table I, Ib No. 2), showing 
that, in the ten minutes interval during which fluoride d 
was present prior to the addition of glucose, the activity 
of the enzyme had fallen to less than one-third of its 
original value. When the same concentration of fluoride 
was added after the glucose (curve 4) the behaviour 
was quite different. The initial rate is practically equal 
to that of the control (Table I, I b No. 4), but later 
the curve breaks as a function of the time. The same 
difference in this respect is found between curves 6 
and 3 as between 4 and 2, cf Table I, Ib and c. «« 

In Table I, la, the values of A, the areas for each Minutes 

curve of Fig. 1, have been tabulated, cf. above p. 4; Fic 1 

n is defined here as the area of a particular curve over 

the area of the control curve, while n in Table I, Ib and c is equal to the rate of respiration in a 
sample over the rate of respiration in the control. In Table I, Ic two different n-values are 
tabulated for each sample; n is calculated with the initial rate, n^ with the final rate 
of the control as denominator. A represents, as pointed out above, an average rate, the 



120 150 180 
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tabulation of which facilitates the comparison of the results with the different samples. 

Although in No. 8, Table I, the fluoride concentration was only 88 per cent higher than 
No. the inhibition is much greater. In both cases the fluoride was added 10 minutes before 
the glucose; and this experiment leaves it uncertain whether (in each case) the degree of inac- 
tivation would have been smaller if the glucose had been added earlier. This was tested in the 
following experiment; Table II, I; the same concentration of fluoride was added to different 
samples at different intervals before the glucose. 

TABLE II. 


Glucose concentration 28.2 mmol/1, t = 26®. 



No. 

1 

2 

3 

4 

5 

I 

Fluoride~> glucose 
interval 

Fluoride cone, 
m mol/1 

0 

26 

37.5 

50 

75 


10 minutes 

Initial rate/x-l Oj/min 

n 

6.4 

4.3 

0.67 

0.3 

0.05 

ooO 

c>o0 

coO 

(x>0 


5 . 

>» tt 

„ 

H 

6.2 

0.80 

0.9 

0.13 

cndO 

ooO 

ooO 

ojO 


2 

i> ** 

ft 

6.4 

5.9 

0.92 

2.1 

0.3B 

0.3 

0.05 

<x)0 

eviO 


2 — 8 seconds 

rt ff 

ft 


6.5 

1.01 

3.3 

0.56 

0.3 

0.05 

cv^O 

ooO 

II 

Glucose— > fluoride 
interval 



I 






2 minutes 

The rate becomes less than 
that of the control after 
minutes 

Final rate fil/min. 

ft 

5.2 

6.2 

1.00 

3.2 

0.62 

0.5 

0.10 

csdO 

ooO 




i 

300 

60 

20 


Table II, II gives some data from a parallel experiment with the fluoride added at different 
intervals after the glucose. For practical reasons the data had to be combined from two different 
experiments carried out with yeast of almost equal sensitivity. 

The value 6.4 of the control in Part I of Table II is the average of five estimations (standard 
error ± 0.06). 

When the fluoride is added before the glucose — even as short a time as 2 — 8 seconds — the 
curves separate from the beginning from the control curve as the curves 2 and 8 of Fig. 1. 

When on the other hand the fluoride is added two minutes later than the glucose, the 
initial rate is practically equal to that of the control (n = 1.00) in all the samples as in the curves 
4 and 5, Fig. 1. But as in the experiment Fig. the curves separate after a longer or shorter 
space of time with the exception of the sample 2 (the lowest concentration, 26 mmol/1 fluoride). 
Here the curve coincides with the control curve during the whole experiment (210 minutes). 
The later the curves separate from the control, the greater the final rate. With the interval 
glucose— >• fluoride increasing from 2 to 6 10 minutes the curves remain identical within 

experimental error. That is why data have been included in Part II of the table only for the 
interval 2 minutes. 

Table II shows that, the shorter the fluoride— > glucose interval, the greater the rate of 
respiration when the glucose has been added. It is evident that, if we add the glucose at any 
interval after the fluoride, the rate of respiration which we find is an indication of the stage 
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which has just been reached in a slow inactivation of the enzyme by the fluoride; by the addition 
of glucose we check or arrest the inactivation of the enzyme at whatever value has been reached. 
This is in agreement with earlier work; see 2), page 846, Fig. 5a and Table III. In low concen- 
trations of fluoride at any rate the reaction between fluoride. and the enzyme before the ad- 
dition of glucose is a slow process; after the addition of glucose this rate of inactivation is still 
lower, or is too small to detect. This suggests that the slowness of the inactivation before the 
addition of glucose and the slowness of the inactivation after the addition of glucose do not 
arise from two different causes, but are merely the same phenomenon in different degree. That 
is to say, the yeast used in these experiments has been fed on sugar at the factory and the slow- 
ness of the action of fluoride is to be ascribed to some remaining effect of this, when no glucose 
has been added since. This suggestion is strongly supported by many experiments to be des- 


cribed below. The additional protective ac- 
tion of added glucose is superimposed on a 
certain primary protection due to some 
substance or substances present in the cell. 

The mechanism of the protection will not be 
considered here. 

Fig. 2 gives the aerobic fermentation 8 
in the experiment of Table I; the A values 3. oqq 
are given in Table I, II. 

The course of the aerobic fermentation 
in the control is subject to considerable 
variation in different experiments. The fer- 0 



mentation is measurable during the first 0 30 60 90 120 150 160 


80 — 40 minutes of the experiment but falls Minutes 

off to zero. After a time a f, secondary fer- Fig. 2. 

mentation'* gradually develops. The time of 

onset of this secondary fermentation is variable and depends also on the glucose concen- 
tration. In lower concentrations of glucose it is not observed at all. Curves 2 and 8 of 
fig. 2 show that the fermentation is strongly inhibited when the fluoride has been added before 
the addition of glucose (cf. also Table I, II No. 2 and 3). If, on the contrary, the glucose has 
been added before the fluoride, a remarkable stimulation of the fermentation occurs (n thus >1, 
cf table I, II No. 4 and 5). In the lower fluoride concentration, 37,5 mmol/1, the fermentation 
continues at decreasing rate during the course of the experiment (curve 4). In the higher fluoride 
concentration the stimulated fermentation decreases more quickly, and about 90 minutes after 
the addition of fluoride a complete inhibition has been reached (curve 5). 

The stimulation of the fermentation occurs at low fluoride concentrations also if the fluo- 


ride is added before the addition of glucose. This phenomenon has been described previously 
and the following explanation of it has been offered (4). The fluoride inhibits the storage of 
glucose in the form of higher carbohydrates and thus increases the amount of substrate avai- 
lable for the respiration and the fermentation. If the chains of enzymes acting in one or the other 
of this processes are not saturated with substrate an increase of rate will follow an increase of 
the concentration of available substrate. The respiratory system is saturated at a lower concen- 
tration of substrate then the fermentation system. This may be the reason why a stimulation of 
fermentation is more often observed than a stimulation of respiration. 

In a number of experiments the glycogen formation or breakdown was studied by means 
of staining with iodine (Luool solution in arabic gum) *). It was confirmed that the formation 
glycogen is inhibited by fluoride (cf. Wertheimer l®)). In further experiments it was found 
that the breakdown of glycogen in the living cell was also inhibited by fluoride. According to 
CoRiU.) the reaction: glycogen -f- phosphate^ glucose-l-phosphate is not sensitive to fluoride. 


•) The studies on glycogen have been carried out in this laboratory by Mr. K. Brandt, who 
will describe the results in an article in press („Protoplasma”, 1941). 
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In synthesis as well as in breakdown this reaction must be coupled in the living cell to fluoride 
sensitive reactions. From some experiments, it seemed evident that the glycogen formation was 
somewhat inhibited in the presence of low concentrations of fluoride in spite of the fact that 
the respiration was stimulated. This gives some additional support to our contention concerning 
the mechanism of the stimulation of the respiration and fermentation. 

2) The protection against fluoride in different concentrations of glucose. In 
all experiments described in Section (a) the concentration of glucose was 28.2 mmol/1; it was 
found that the addition of this concentration of glucose almost completely checked any in- 
activation by fluoride that was proceeding; and when the glucose was added before the fluoride 
it delayed the onset of inhibition. It is of interest to know whether lower concentrations of 
glucose will have the same effect. For this purpose three lower concentrations, 2.9, 5.8, and 
11.6 were used as well as 28.2 mmol/l. We shall first describe an experiment in which the 
fluoride was added 5 minutes after the glucose. Some of the data obtained are given in Table III. 


TABLE III ♦). 


No. 

mm 

2 

3 

4 

5 

6 

■i 

8 

9 

1 

11 

12 

Cone, of 
glucose 
mmol/l . 

2.9 

5.8 

11.6 

23.2 

Cone, of 
fluoride 
mmol/l . 

0 

87.6 

75 

I 

0 

37.6 

75 

0 

37.5 

75 

0 

37.5 

75 

A, fil 0, X 
minutes . 
n . . . 

36,800 

47,900 

1.80 

17,500 

0.50 

61,000 

69,500 

1.14 

22,400 

0.37 

75,500 

75,000 

cvl.OO 

22,200 

0.30 

76,200 

72,800 
0.95 ' 

27,200 

0.86 


♦) t = 25° 0. 


It is striking that in the two lower concentrations of glucose the addition of 87,5 mmol/l 
fluoride does not cause an inhibition but on the contrary an increase of the respiration. As shown 
by Figure 8 (2.9 mmol/l) glucose) the curves 1 (control) and 2 (87.5 mmol/l fluoride) coincide 
in the beginning and separate after about 80 minutes. (In the samples with 5.8 mmol/l glucose, 

not shown in the figure, the results are 
similar but the curves separate after 60 
minutes). It is evident that the decrease 
of rate begins a little earlier in the control 
than in the sample with the lower con- 
centration of fluoride (curve 2). This is in 
keeping with our earlier conclusions (p. 
1) as to the cause of the stimulation 
conferred by low concentrations of fluo- 
ride. The initial rate of respiration of the 
control is as high as in the higher con- 
centrations of glucose but the concen- 
tration falls off rapidly due to the syn- 
thesis of higher carbohydrates from the 
glucose. If this synthesis is inhibited by fluoride more substrate is made available, and this will 
postpone the moment at which deficiency of substrate first begins to limit the rate of respiration. 

The data of Table III show above all that the additional protection conferred by 
added glucose is not decreased over the range investigated with decreasing 
concentration of glucose. £v^ lower concentrations of glucose were used in experiments 



Fig. 8. 
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of the type of Table III e.g 1.9 mmol/L At this concentration a strong protection was con- 
ferred by the glucose added 10, 6 or 2 minutes before the fluoride. The lower the concentration 
of glucose, the greater are the difficulties of making good measurements as the stationary period 
of respiration becomes briefer and briefer. 

The higher degree of protection which seems to prevail in the concentrations 2.9 mmol/1 
glucose according to table III is certainly only apparent. The addition of glucose protects in 
two ways against fluoride. The action of fluoride is delayed and the level of the constant rate 
finally attained is higher than in cases in which the fluoride acted before the addition of glucose. 
The low concentrations of glucose are consumed so rapidly that the fluoride added after the 
glucose does not have sufficient time to display its full inhibitory action, which is delayed by 
the presence of glucose. 

The following method has been applied in some experiments. A certain low concentration 
of glucose was added to the suspension of yeast cells in the main compartment of the manometric 
flask. This was joined to the manometer and immersed in the water-bath. Ten minutes after 
the addition of the glucose fluoride was added from one side-arm and after 10 further minutes 
a higher concentration of glucose (28.2 mmol/1) was added from an other side-arm. The results 
of an experiment of this sort are found in Table IV. 


TABLE IV. 

10 minutes before the fluoride different low concentrations of glucose (cf. below II— V), 
10 minutes after the fluoride 23.2 mmol/1 glucose were added, t = 25°. 


No. 

1 

2 

3 

4 

Fluoride concentrations m mol/1 


25 

37.5 

50 


Glucose added before 
the fluoride m mol /I 







I 

0 

A,ftlO,x min 

\ 

83,500 

71,900 

6,990 

1 

cnd2,000 




n 

— 

0.86 

0.07 

oo 0 

II 

0.14 



81 ,600 

81,000 

16,900 

oo2,000 





— 

1.00 

0.21 

oo 0 

III 

0.28 



81,500 

81,500 

14,300 

oo2,000 




fy 


1.00 

0.18 

oo 0 

IV 

0.66 

>» 


85,500 

11 ^ 11^111 

34,600 

oo2,000 




ft 

— 



oo 0 

V 

1.10 

ft 


80,400 

85,500 


6,700 




tf 

— 

1.00 

0.76 

0.08 


Even the low glucose concentration 0.14 mmol/1 added before the fluoride confers a certain 
protection which increases with increasing concentration of glucose added before the fluoride. 
The variation of protection with the concentration of glucose added first is evident above all 
in column 8 of Table IV, 87.6 mmol/1 fluoride. The curves giving the n-values of respiration or 
fermentation as a function of the fluoride concentration are rather steep. The range of concen- 
trations which give n-values between <n:> 0 and co 1.00 is consequently narrow. The fluoride 
concentration 25 mmol/1 inhibits in this experiment only in the absence of glucose added before 
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the fluoride, while the n-value is cv> 0 (i.e.n < 0.08) in the presence of 50 mmol/1 fluoride until 
the highest concentration of glucose added before the fluoride has been reached. Then the rather 
low n-value 0,08 is found. In presence of 87.5 mmol/1 fluoride a range of n-values are observed 
which increase in a way almost directly proportional to the concentration of glucose added 
before the fluoride. 

By this experiment it was thus possible to demonstrate that the protection depends on the 
glucose concentration. The protection, however, reaches its maximum at a comparatively low 
concentration of glucose. It must be remembered that the glucose added before the fluoride is 
attacked immediately by the yeast cells. The concentration of glucose is therefore already 
considerably lowered when the fluoride is added. It is therefore possible that the action of glucose 
in the lower concentrations is mainly an indirect one involving a sort of pre-treatment with 
glucose, (cf. below p. 18). 

In I, Table IV, the curves representing the Og-consumption diverge from the beginning, as 
curves 1, 2, 8 of Fig. I. In II — Y the course of the curves is more similar to that of curves 1, 4, 5 
of Fig. I. The control and the fluoride curves at first coincide and only after some time do the 
curves separate, those corresponding to the samples with fluoride added breaking off more 
strongly than the control curves. 

Experiments were also carried out in the following way. The fluoride was measured into 
one side-arm (I) together with 0.1 ml of a glucose solution of varying concentration. The fluoride 
and a certain amount of glucose was thus added simultaneously to the yeast suspension of 
the main compartment of the manometric flask. Ten minutes later glucose of higher concen- 
tration was added from a side-arm (II). This last addition corresponded as usual to a concen- 
tration of 28.2 mmol/1 in the final volume (2.4 ml) of the sample. 

Also in this case the previous addition or glucose increased the protection against fluoride. 
It is remarkable however that the control and the fluoride curves now diverge from the be- 
ginning as the curves 1, 2, 8 of Fig. 1. Like these they are almost linear with a not very pronoun- 
ced kink. The first portion of glucose is added too late in this case to prevent an immediate 
action of the fluoride. A certain number of enzyme molecules are inactivated by the fluoride 
but on account of the presence of the first portion of glucose this inactivation does not proceed 
as far as in the absence of the glucose. 

In Table V the rates of respiration are given, which prevail after the addition of the second 
portion of glucose from side-arm II. Ten minutes earlier a first portion of glucose -f- fluoride 
had been added from side-arm I. The rate of respiration in the control without fluoride was 
6 fi\ Og per minute. 

TABLE V ♦). 


No. 


2 

mm 

4 

5 

6 

Glucose concentration m mol/1 in the samples after the 
addition of the first portion of glucose together with 
fluoride (37,6 mmol/1) 

0 



1.25 

2.5 

6.0 

Hate of respiration ul Oj/min. after the addition of the 
second portion ot glucose 

0.2 

1.5 

1.5 

1.5 

1.8 

2.2 

n 

0,03 

0.26 

0.25 

0.26 

0.3 

0.32 


♦) t =: 26" C. 


3) Proteetion in starved and „restored” yeast. The great sensitivity of starved 
yeast towards fluoride added before glucose has been demonstrated in our previous paper (^). 
It was shown however that the inhibition was less strong when the glucose and the fluoride 
were added simultaneously to a suspension of starved yeast. In a number of new experiments a 
wider range of concentrations of fluoride has been used than in the previous experiments with 
starved yeast. Table VI and Fig. 4 and 5 give details of one experiment. 
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TABLE VI. 

Glucose cone. 23,2 mihol/l, t ~ 25°. 


No. 

1 

2 

3 

4 

6 

6 

7 

Fluoride cone, mmol/1 


8.3 

12.5 

16.6 

25 

37.5 

50 

I Fluoride— > glucose 
interval: 10 minutes 

■ 








Initial rate /xl/min .... 


4.9 

5.0 


— 

0.1 

*— 

— 


n 

— 

cvdI.OO 

-- 

— 

0.02 

— 


Rate 30 — 50 minutes. . . 


— 

— 

2.74 

0.85 

— 

— 




— 

— 

0.56 

0.17 

— 

— 

— 

Rate 100 — 210 minutes . . 


— 

— 

4.25 

0.87 

2.5 

0.51 

— 

— 

— 

II Glucose — > fluoride 
interval: 10 minutes 









Initial rate 


4.8 



— 

— 

— 

4.8 

4.8 


i 

— 

— 

— 

— 


1.00 

1.00 

Final rate 


3.6 

— 

— 

— 

— 

4.2 

1.3 


” i 

— 

— 

— 

— 

— 

>1.00 

0.36 


It is evident that a recovery of the respiration occurs at low fluoride concentrations when the 
fluoride has been added before the glucose, Table VI, I No. 3 and 4, curves 3 and 4, Pig. 4. In the be- 
ginning of the experiment the rate is extremely low but increases gradually until a rate is attained. 



Fig. 4. 



0 30 60 90 120 150 180 210 

Minutes 

Fig. 6. 


which remains constant until the end of the experiment (duration of this 210 minutes). When 
the concentration of fluoride added is 26 mmol/1 the inhibition is complete, Table VI, I No. 6. 

In contrast to this a still higher concentration of fluoride 87.6 mmol/1 does not give any 
inhibition at all when added 10 minutes after the glucose, II, No. 6 and Fig. 5. On the contrary 
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a slight stimulation occurs in this concentration of fluoride. In the experiments fluoride-^^glu- 
cose the same behaviour is observed in a 4.6 times lower concentration of fluoride (8.3 mmol/1). 
The final rate in No. 7 (50 mmol/1) is considerably higher than the rate in No. 6, in which sample 
26 mmol/1 fluoride has been added 10 minutes before the glucose. 

The additional protection observed when the glucose is added before the fluoride has no- 
thing to do with a decreased permeability. Malm^) found that the addition of glucose does not 
decrease the permeability which has been increased by starvation. Malm infers from this that 
the increase of permeability is not only due to a starvation with respect to carbohydrates. 
Other necessary compounds also have been removed to some extent. This again is in agreement 
with our studies on the uptake of pyruvic acid (^) which is very much decreased in starved 
yeast. A recovery in this respect only happens when the starved yeast has been pretreated 
with glucose + yeast extract. 

The observations of a recovery reported in this section prove that the sensitivity of the 
enzyme is a more important factor than permeability in determining the degree of inhibition 
conferred by fluoride. An outward diffusion of fluoride following a previous penetration has not 
been observed by Malm under the conditions prevailing in this experiment. On the other hand 
the recovery finds a simple explanation on the basis of the assumption that a protection of the 
enzyme gradually develops on addition of glucose. The protecting derivative of glucose is able 
to displace the fluoride from the enzyme, when the inhibiting concentration of fluoride is low, 
cf. p. 28. 

In the experiment reported in Table VII the yeast was starved by incubation in a flask 
containing 260 mg. yeasts in 20 ml. water. The flask was shaken with a frequency of about 120 
oscillations per minute and with an amplitude of 20 — 25 cm. The bottom area of the flask was 
such that the height of the layer of suspension was only some few mm., the aeration thus being 
very efficient. 

For comparison with this 0.6 ml of 186 mmol/1 glucose was added to the suspension of 
starved yeast in a parallel flask three times (16, 17, 18 hours after the onset of the suspension). 
The shaking was continued 80 minutes after the last addition when the yeast was centrifuged 
off and washed twice with distilled water. The yeast was resuspended in the ordinary s.s.-buffer 
solution and the samples were prepared in the standard way for the manometric measurements 
of respiration and fermentation. The results show that this treatment with glucose is sufficient 
to restore the yeast, so that it behaves towards fluoride as a non-starved yeast with a conside- 
rable degree of primary protection. For 26 mmol/1 fluoride, added 6 — 10 minutes before the 
glucose, gave no or practically no inhibition of respiration; this must be contrasted wfth the 
n-value of 0.02 reported for starved yeast in Table VI No. 6. As usual the inhibition was very 
sensitive to the fluoride concentration; thus 87,6 mmol/1 fluoride was sufficient to give n oo 0.1 
even in the restored yeast. 

The respiration is somewhat higher in the restored yeast with no fluoride (Table VII, Ila 
No. 1) as compared with the corresponding sample with starved yeast. A comparison of the 
rate of fermentation in the samples without fluoride gives the opposite result: the fermentation 
is always higher in starved yeast than in restored or normal yeast (I b and Ilb, No. 1). The 
projection against fluoride is stronger in the restored yeast as compared with the starved yeast. 
In the restored yeast no inhibition of the respiration prevails even in the concentration 50 mmol/1 
while in the starved yeast the same concentration yields an inhibition of 0.86 (n = 0.66). In the 
highest fluoride concentration, 76 mmol/1, the difference is less pronounced. A repetition and 
variation of this experiment gave confirmatory evidence for a certain tendency to stronger 
protection as an after-effect of a previous treatment with glucose even when 
the fluoride was added after the glucose. 

The A-values referring to the aerobic fermentation do not lend themselves so well to a 
direct comparison. On the whole the strong stimulation of fermentation in restored yeast and 
the slight inhibition even following the addition of 76 mmol/1 fluoride Table VII, II b. No. 6, 
give an impression of stronger protection as compared with the starved yeast. In this the sti- 
mulation is less pronounced and the inhibition in the presence of 76 mmol/1 is somewhat stronger. 
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TABLE VII. 


Glucose concentration: 23,2 mmol/l, t = 26°. Glucose fluoride interval 5 minutes. 


No. 

1 

2 

■■nilllH 

4 

5 

Fluoride cone, mmol/l 

0 

25 


50 

75 

I. Starved yeast 







a. A, fil Oj X min. . . . 


64,000 

66,600 

64,200 

41,500 

27,000 


n 

— 

1.00 

1.00 

0.65 

0.42 

b. A, ^1 fermentation 

COj X min 


30,400 

41,000 

40,200 

34,200 

20,200 


ff 

— 

1.34 

1.32 

1.12 

0.66 

11. Restored yeast 

a. A, fi] Oj X min. . . . 


67,000 



67,000 

37,500 



— 


1.00 

1.00 

0.56 

b. A, /tl fermentation 

COj X min 


21,100 

50,900 

64,000 

42,500 

17,900 


>» 

^ — 

2.40 

1 

2.60 

2.00 

0.85 


Experiments were also carried out in which a pre-treatment of the starved yeast with 
lactate or acetate was applied. The yeast treated with these substrates showed a behaviour 
similar to that of starved yeast. This is due to the fact that lactate as well as the acetate is only 
very slowly oxidized by starved yeast, as will be reported elsewhere. A pre-treatment with 
alcohol, on the other hand, was efficient in conferring a protection against fluoride to starved 
yeast. The alcohol is strongly oxidized even by the starved yeast. 

4) Protection in yeast pre-treated with glucose. A quantity of 250 mg normal 
yeast was suspended in 15 ml. 70 mmol/l s.s.-buffer solution, ph5.To this suspension 2 ml. 360 
mmol/l glucose was added, 110 minutes later 1 ml. 360 mmol/l glucose was added again. Ten 

TABLE VIII. 


Glucose concentration 23.2 mmol/I glucose— > fluoride interval 10 minutes, t ~ 30°. 


No. 

1 

2 

3 

4 

5 

6 

Fluoride cone, mmol/l 

0 

25 

37.5 

50 

75 

125 

I. Sample pre-treated with 
glucose 








A, jjil 0, X min 


89,000 

90,200 

88,100 

84,200 

61,100 

13,300 




>1.00 

1.00 

0.95 

0.69 

0.15 

II. Sample pre-treated in 
pure buffer solution. 

y 

■1 






A, fi\ Oa X min 

B 

87,500 

90,260 

82,300 

69,940 

28,100 

9,600 


n 

— 

>1.00 


0.80 

0.32 

0.11 
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minutes later the yeast was separated from the buffer-gluoose solution, and washed twice on 
the centrifuge with distilled water. Parallel to this an equivalent amount of yeast was shaken 
in buffer solution to which 2 and 1 ml. distilled water was added instead of the glucose solution. 
Here the yeast was centrifuged off at the same time as from the suspension to which the 
glucose solution had been added. Both kinds of yeast were finally suspended in s.s.>buffer 
and samples prepared for the manometric measurement according to the standard procedure. 

Table VIII gives 
the A-value for 
the respiration; 
the fermenta- 
tion was not de- 
termined here. 

Fig. 6 gives the 
curve of respi- 
ration of the 
samples I, No. 

1, 4 and 5 and 
F.g. 7 that of 
the samples II, 

No. 1, 4 and 5. 

It was to be 
190 expected that 
the special feed- 
ing with glucose 



30 


120 150 



60 90 

Minutes 

Pig. 7. 


60 90 

Minutes 
Fig. 6. 

might alter the degree of primary protection of the cells. Since the substrate was added ten 
minutes before the fluoride, the protection observed in this experiment is the combined effect of 
the primary protection and of the additional protection conferred by the extraneous substrate. 

The cells pre-tre. ted with glucose as described above present also a strong protection, 
when the fluoride has been added before the glucose. This is shown by Table IX, which also 
gives the A-values for cells pre-treated with pure buffer solution. In the samples containing 
these the glucose is added before the fluoride. 


TABLE IX. 

Glucose cone. 23.2 mmol/1, t = 25®. 


No. 

1 

2 

3 

4 

5 

6 

Fluoride cone, mmol/1 

0 

25 

37.6 

50 

75 

125 

I. Yeast pre-treated with 
glucose. 

Fluoride— > glucose in- 
terval 16 minutes. 








A, fi\ Oj X minutes . 


02,000 

01,100 

63,600 

61,800 

13,700 

1.100 

i 

n 

— 

1.00 

CV) 1.00 

CV) 1.00' 

0.22 

0.02 

II. Yeast pre-treated with 
pure buffer solution. 
Glucose— > fluoride in- 
terval 6 minutes . . . 








A, fil 0, X minutes . 


72,300 


70,000 

51,000 

26,900 

8,430 


n 

i 

cv) 1.00 

0.98 

0.7 

0.86 

0.11 
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Fig. 8 and Fig. 9 give the course of the curves. It is evident that the cells in the samples I 
No. 2, 8 and 4 (Fig. 8) are more protected than in the corresponding samples II No. 2, 3 
and 4 (Fig. 9); I, No. 4, behaves as in experiments with glucose added before the fluoride, cf. 
Fig. 8, curve 4. The curve first follows the control but then breaks off. The rate falls from 


oo 4.3 to CND 2 /xl/minute. This is not expres- 
sed in the A-value (Table IX I, No. 4) which 
is calculated on the basis of the first 180 
minutes of the experiment. In the higher 
fluoride concentrations No. 5 and 6 the 
protection seems to be stronger in II than in 
I, Table IX, cf also Fig. 8 and 9, curves 5 ^ 
and 6. This tends to show that the protection 
caused by the pre-treatment with glucose is 
of a character somewhat different from the 
protection established in the moment of 
addition of glucose to a suspension of the 
cells, pre- treated with pure buffer solution. 

This lends support to our distinction 
between „pnrRari/” and additional protec- 
tion. Curve 5, Fig. 9, shows a considerable 
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delay of the inhibition. During 80 minutes 

no inhibition at all occurs but then a strong inhibition develops rather quickly. In curve 5, 
Fig. 8, the inhibition is pronounced from the beginning of the measurements of the respiration. 
The inhibition however increases more slowly than the corresponding curve of Fig. 9. The 
final rate of the Og-oonsumption is indeed somewhat higher in the sample pertaining to 
curve 5 of Fig. 8 (0.2 /^l/minute) than in the corresponding sample, curve 5 of Fig. 9 

^ (0.1 /il/rninute). The addition of glucose 

IQQQ removes the inhibitory action of fluoride 

for a certain time but the protection is not 
a persistent one. It may be seen that the 

800 A- values in this case do not give a complete 

picture of the differences between the cur- 
ves under discussion. 

The observations reported as well as 
observations to be described below give 
4] credit to the following assumptions. The 
pre-treatment promotes the formations of a 
derivative of glucose which combines with 
the enzyme. This gives rise to the primary 
protection. When glucose is added a short 
time, e.g. 10 minutes, before the fluoride 
a strong protection develops. This is also 
^ due to the combination between the en- 

p. zyme and derivative from glucose. The 

’ compound formed under these conditions 

differs however in certain respects from the compound formed as a consequence of the pre- 
treatment. The , .additional protection*' gradually changes into a ..primary protection** by a 
sort of ripening involving perhaps a gradual change of the protecting derivative of glucose. 

The primary and the additional protection indeed reinforce each other, as the data of Table 
VIII show. An increased protection was found to follow a pro-treatment with glucose. This con- 
trasts with the data of section i?) which demonstrate that the protection is independent over a wide 
range of the glucose concentration. It follows then also on the basis of the data reported in Table 
VIII that a certain qualitative difference exists between a primary and an additional protection. 
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The suspensions of cells pre-treated with pure buffer solution show a very low degree of 
primary protection* When fluoride is added to these cells 15 minutes before the glucose the 
inhibition is strong even in 25 mmol/l fluoride. In the higher concentrations of fluoride the in- 
hibition is practically complete. The inhibition is very strong as compared with the yeast pre- 
treated with glucose. 

6) Protection eonterred by other substrates than glucose.*). Parallel experi- 
ments to those reported in the preceding sections were carried out with pyruvic acid. No details 
of the results will be given as they essentially agree with those obtained in the experiments 
with glucose serving as a substrate. Addition of pyruvic acid before the fluoride confers 
a protection of the oxidation of the pyruvic acid against the inhibitory action of the fluoride. 

It has been mentioned already in a previous publication (^) that alcohol is able to 
confer a protection against fluoride. The evaporation of the alcohol from the side-arm 
into the main compartment itself protects against fluoride (^). Most of the experiments with 
alcohol have therefore been carried out in the following way. The alcohol was added directly 
to the yeast suspension in the main compartment of the manometric flask. This was then 
joined to the manometer. When the flask has been shaken for about ten minutes in the water- 
bath the fluoride is added from one side-arm and 10 minutes later 23,2 mmol/l glucose is added 
from the other side-arm. In a mixture of glucose and alcohol the latter is not oxidized unless 
its concentration in the mixture is at least ten times that of the glucose (8). The rate of oxida- 
tion of glucose is used in this type of experiment as an indicator of the protection conferred by 
alcohol. The following experiment has been carried out with starved yeast, cf. Table X. 

The comparatively strong fluoride concentrations used give a complete inhibition of the 
oxidation of glucose in the starved yeast, I a. Addition of glucose prevents the reaction of the 
fluoride with the enz 3 ntne, I, b. The initial rate is therefore equal in the samples without and 


TABLE X. 

Starved yeast, 20 mg per sample. Glucose concentration 28.2 mmol/l t =*25®. 


No. 

1 

2 1 

3 

Fluoride concentration 

0 

37.5 

50 

I. No alcohol added. 

a. Fluoride— glucose interval 10 min. 
Initial rate /tl/min 


4.7 

CO 0 

CO 0 


n 

— 

cs:) 0 

CO 0 

b. Glucose— ►fluoride interval 10 mi- 
nutes. 

Initial rate /il/min 

Final rate „ 


4.7 

3.6 

4.7 

3.1 

4.7 

1.25 



— 

0.86 

0.35 

II. 16.8 m mol/1 alcohol added 10 — 15 min. 
before the fluoride. 

Fluoride —► glucose interval 10 min. 





Initial rate /Ltl/min 


5 

5 

5 

Final rate „ 


8.85 

2.7 

1.6 



— 

0.7 

0.42 


*) Some remarks pertaining to the subject of this section have been made above, p. 13. 
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with fluoride. After 60 — 70 minutes however the curves separate in the known way, cf . fig. 6. 
The final rates decrease with increasing fluoride concentration. The experiments with the ad* 
ditions made in the order alcohol~-> fluoride glucose show an almost identical course as 
compared with those of the type glucose -^fluoride. In experiment I b the curves separate 
after about the same time as in experiment II. The previous addition of alcohol protects against 
the inhibitory action of fluoride so that the action is strongly delayed. Fluoride acts therefore 
as if it had been added not before but after the glucose. 

A slight increase of rate of the control sample (No. 1) is always observed when alcohol 
has been added first, cf I b and II, in spite of the fact that the alcohol as a substrate is displaced 
by the glucose. 

As in the experiments with glucose, cf. p. 9, the alcohol concentration has been varied. 
The A-values from two combined experiments have been tabulated, cf . table XI. 

TABLE XI. 


10 minutes before the fluoride different concentrations of alcohol (cf. II — ^VI), 
10 minutes after the fluoride 23.2 mmol glucose were added, t — 25®. 


No. 

HI 


3 

4 ! 

5 

Fluoride concentration m mol/1 




50 

45 


Alcohol added before 
the fluoride m mol/1 








I 

0 

A,^l Oj X mi- 
nutes 


87,000 

84,000 

16,500 

oo 2,000 

c\3 2,000 




n 

— 

0.97 

0.19 

c\:> 0 

oo 0 

II 

0.17 



95,000 

92,000 

12,300 

oo 2,000 

(X) 2,000 




ft 

— 

0.93 

0.13 

oo 0 

CO 0 

III 

0.84 

I 

tf 


93,500 

93,000 

62,000 

41,000 

2,800 




ft 

— 

oo 1.00 

0.56 

0.44 

0.03 

IV 

1.G8 

ff 


99,000 

99,000 

69,000 

46,000 

5,000 




ft 

— 

1.00 

0.70 

0.47 

0.05 

V 

8.40 

tf 


98,000 

99,000 

78,000 

44,000 

3,000 




ft 

— 

1.01 

0.79 

0.45 

0.03 

VI 

16.8 

ft 


100,000 

100,000 

78,000 

38,000 

5,000 




79 

— 

1.00 

0.78 

0.38 

0.05 


It is evident that from the concentration 1.68 mmol/1 upwards the protection is at its 
maximum. No protection is conferred by an alcohol concentration as low as 0.17 mmol/l. The 
alcohol is not metabolized by the cell as quickly as the glucose. The concentrations of alcohol 
given in the table are therefore nearer to the real concentrations present at the moment of 
addition of the fluoride than in the corresponding experiment with glucose, cf. Table IV, p. 9. 

It was of interest to test the influence of alcohol on the aerobic fermentation. To increase 
this cystein was added to the yeast suspension in the main compartment of the manometric 
flask. As known from the work of Quastbl and Wheatley^) the aerobic fermentation in 
bakers yeast is strongly enhanced on addition of cystein. Table XII clearly demonstrates that 
the addition of alcohol also protects the aerobic fermentation against fluoride. 

Enzymologia. Vol. X, 1. 
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TABLE XII. 

12 mg yeast, fresh weight, per sample. Glucose concentration 28.2 mmol/l 0.85 
mmol/1 cystein added oo 15 minutes before the fluoride. Fluoride glucose inter- 
val 10 minutes, t » 25®. 


No. 

1 

2 

3 

Fluoride concentration mmol/l 

0 

87.6 

50 

I 

Without alcohol. 

Rate of fermentation 
fjX COJmm, . . . 


6 

<x> 0.1 

ooO.l 




n 


oo 0 

1 

oo 0 

II 

16.8 mmol/l alcohol added to- 
gether with the cystein . . . 

ft 


5.9 

3.2 

1.5 




n 


0.54 

0.25 


In some experiments trehalose was added to a suspension of starved yeast to give a 
trehalose concentration of 8.1 mmol/l. The respiration of the starved yeast (which had been 
shaken 16 hours in distilled water) was not measurable. On addition of trehalose a feeble res- 
piration was restored. The Og-consumption was about 50 /nl in 8 hours. The endogenous res- 
piration in a non-starved sample of the same yeast was 60 /lil in 8 hours. The respiration in 
presence of trehalose has a more constant rate than the endogenous respiration which decreases 
in the way described by Stibr and Stannard 1^). If trehalose was added to the normal yeast 
the respiration was equal to the sum of the endogenous respiration and the respiration of tre- 
halose in starved yeast (109 /xl in 8 hours). The starved yeast was as usual very sensitive to fluo- 
ride added before the glucose which served as the final substrate as in the experiments with 
alcohol reported above. If however trehalose had been added before the fluoride a 
protection against the fluoride inhibition was observed. The fluoride concentra- 
tion was in this experiment 18 mmol/l. The trehalose was added from the beginning to the yeast 
suspension in the main compartment of the vessel. The fluoride was added from a side-arm 10 
minutes before the addition of glucose, 11.6 mmol/l t = 25°. The initial stationary rate was 
determined from the slope of the curves. The results were as follows. 


TABLE XIII. 





Cone, of fluoride 
m mol/1 




0 

13 

I 1 

Without addition of trehalose 

Rate of respiration 
fil O^min.. . . 

n 

3.6 

0.22 

0.06 

II 

Trehalose added 

ft 

»» 

3.6 

1.85 

0.51 


The trehalose used was a preparation obtained in a known way by extraction from bakers 
yeast cf. (I6). Glucose estimation according to Willbtattbe and Schudbl gave a content of 
0.6% glucose in the trehalose. This is a maximum value for the glucose present. A comparison 
with Table IV p. 9 shows that the glucose concentration certainly was too low to contribute 
to the protection. This must therefore be ascribed to the action of the trehalose. 
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Fairly extensive experiments showed that senim from the rabbit confers a protection, 
when added before the fluoride. This protecting effect was observed, even when the serum had 
been dialysed and diluted 1 : 5 with tap water; 0.3 ml serum was added directly to a suspension 
of starved yeast; co 15 minutes later 16.7 mmol/1 fluoride and after a further 10 minutes inter- 
val 11.6 mmol/glucose were added (final volume as usual 2.4 ml). By comparison of the stationary 
rates of the control and the sample with serum and fluoride a n- value of 0.8 was calculated. 
For a parallel sample wth fluoride but without serum the n-value was found to be 0.1. 
The protection conferred by the serum is thus considerable. Addition of 0.2 ml 
10% cryst. egg albumen or 0.2 ml 4.8 % gum arabic solution had no protecting effect whatsoever. 

Some experiments were conducted in the following way. The dialysed serum was added 
as above to starved yeast in s.s.-buffer-solution. The mixture was shaken in the manometric 
flask for 140 minutes. Only after this time the fluoride was added from one side-arm and 10 
minutes later the glucose was added from the second side-arm. The inhibition conferred by 
fluoride was very strong (n = 0.05 — 0.1) the protecting effect of the serum was removed. 
This experiment tends to prove that some substrate is available for the yeast even in the dia- 
lyzed serum, a substrate, which is consumed by a prolonged action of the yeast. With the dis- 
appearance of this the protection is removed. The addition either of dialysed or non-dialysed 
serum gives a measurable respiration to starved yeast; without this addition practically 
no respiration was observed. This speaks also in favour of the assumption that even in 
the dialysed serum some substrate must be available, this substrate perhaps being adsorbed 
by the serum proteins. 

It seems from the preceding report that substrates which are oxidized by the yeast 
confer a protection against fluoride. It was therefore of interest to test the action of 
substances which are not attacked by the yeast. Two substances chemically related 
to glucose; arabinose and galactose, have been tested. These were added directly to the yeast 
suspension in the main compartment. Fluoride in the concentrations 87.5 and 62 mmol/1 was 
added 15 minutt^s before the glucose (11,6 mmol 1). The arabinose and galactose had no 
influence on the rate of respiration in samples without fluoride, the initial stationary rate 
after the addition of glucose being 5.7 — 5.9 /xl/minute. The higher fluoride concentration 
gave throughout a complete inhibition of the respiration. The addition of the lower fluoride 
concentration gave n-values of 0.03 — 0.04 in the presence of glucose as well as in presence 
of arabinose -f glucose. When galactose had been added previously the inhibition conferred 
by fluoride decreased somewhat (n oo 0.15). It could be demonstrated that while arabinose 
does not influence the respiration, the presence of galactose already confers a marked 
increase of the respiration taking place before the addition of glucose. It must be left open 
whether the galactose was contaminated with glucose or whether it is attacked to a slight 
degree by yeast. The extent to which arabinose and galactose penetrate into the cells is not yet 
known. The endogenous respiration per 8 hours amounted to 80 /X.IO 2 , while the addition of 
0.02 mol/1 galactose gave an Oj-consumption of about 200 /xl for the same period of time. The 
increase of the respiration during the period of the pre-treatment with fluoride is sufficient to 
account for the slight protection against fluoride conferred by the previous addition of galactose. 

6) The protection of fermentation under anaerobic conditions. It has been reported 
previously (i) that the fermentation of glucose is very sensitive to the inhibitory action of 
fluoride under anaerobic conditions, if the fluoride is added before the glucose. The range of 
concentrations of fluoride which cause strong inhibition (n < 0.05) is lowered to 6 — 12 mmol/1, 
or even more, while the concentration giving strong inhibition of the respiration in normal 
yeast > 25 mmol/1 when the pre-treatment with fluoride is conducted under aerobic conditions. 

If however the fluoride is added after the glucose a strong protection is observed 
even under anaerobic conditions. 

In Table XIV an experiment is reported which gives evidence for these general statements. 
In the anaerobic experiments the yeast content of the samples (volume 2.4 ml) was in general 
lowered to 12 mg (wet weight). Chromous chloride (0.8 ml) was introduced, for the anaerobic 
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TABLE XIV. 


12 mg normal yeast in each sample. Glucose concentration 23.2 mmol/1 gas space: 

nitrogen, t. = 26®. 


No. 

1 

2 

3 

4 

5 

6 

7 

8 

9 

Fluoride concen- 
tration m mol/1 

0 

B 

8 

12.6 

16 

25 

37.5 

60 

75 

I. Aerobic ex- 
periment, 
a. Fluoride — >• 
glucose inter- 
val 10 minutes 











Stationary rate 
/Lil/min. . 


8.6 


— 

3.6 

8.6 

— 

— 

— 

— 


n 

— 



1.0 

1.0 

— 

— 

— 

— 

b. Glucose — > 
fluoride in- 
terval 10 mi- 
nutes . . . 


' 









A,/ilO, X mi- 
nutes . . . 


51,600 

— 

— 

— 

— 

51,600 

61,100 

45,600 

27,500 


n 

— 

— 

— 

•— 

— 

csjI.OO 

0.99 

0.88 

0.53 

II. Anaerobic 
experiment 
a. Fluoride — >■ 
glucose inter- 
val 10 min. 











Stationary 
ratefil/min. . 


8.0 

0.3 

0.16 

0.03 

oo 0 



- 



n 

— 

0.04 

0.02 

<0.01 

oo 0 

— 

— 

— 

— 

b. Glucose ~> 
fluoride inter- 
val 10 min. . 
A,/btlC02 X mi- 
nutes 


121,000 

I 

1 

B 

■ 

120,000 

119,000 

96,400 

14,900 


n 

B 

B 

B 

B 


1.00 

0.98 

0.80 

0.12 


samples, into the central cup of the manometric flasks to remove the last traces of oxygen from 
the nitrogen which was previously purified over copper at 600 ®. The directions given by Warburg, 
Kubowitz and Christian were adhered to in preparing the chromous chloride. 

In Table XIV, la. No. 4 and 6 it is demonstrated that under aerobic conditions no inhi> 
bition occurs in fluoride concentrations which cause complete inhibition anaerobically, cf . II a, 
No. 2 — ^6. If on the contrary the glucose is added first the n-values are not far below those of 
the aerobic samples, cf. Table XIV Ilb and Ib. Only in the concentration 75 mmol/1 the fluoride 
seems to cause a distinctly stronger inhibition under anaerobic (lib No. 9) than under aerobic 
conditions (Ib No. 9) in the experiment glucose-^ fluoride. Figs. 10 and 11 supplement the table. 
The curves separate earlier in the anaerobic experiments from the control than under aerobic 
conditions, cf. Fig. 11, curve 8 and 9 with the curves 8 and 9 of Fig. 10. 

Sometimes a considerable stimulation of the fermentation is observed in anaerobic expe- 
riments in presence of 26 — 87.5 mmol/1 fluoride. In one experiment glucose-> fluoride, with 
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suspensions of 20 mg yeast per sample (2.4ml) then- value amounted to 1.2 in presence of 87.6 
mmol/l fluoride. The glucose concentration was 23.2 mmol/1 which corresponds to a total 
amount of fermentation CO 2 of 2600 /xl per sample. In the expeiiment carried out with sus- 
pensions heavier than those used in the experiment reported in Table XIV the fermentation was 
more rapid and attained its completion after about 160 minutes. The total fermentation in the 
control amounted to 00 68% of the theo- 
retical value. In presence of 37.5 mmol/l 
fluoride co 86% of the glucose was broken 
down by fermentation. The non-fermented 
glucose has been stored as higher carbo- 
hydrates (a glycogen formation can be 
demonstrated by staining with iodine, cf. ^ 
above p. 7). It is evident that in the case ^ 
reported the fluoride has partly inhibited 
the storage of glucose. In agreement with 
the view presented previously (4 and above 
p. 7) we consider the inhibition of storage 
as the probable cause of the stimulation of 
the fermentation in piesence of low concen- 
trations of fluoride. 

The „pnman/*’ protection is evi- 
dently considerably lowered under anaerobic conditions. This statement is valid 
for the fluoiide sensitive enzyme acting in fermentation as well as for that acting in respira- 
tion. For the latter this follows from results reported previously ((2), cf. specially p. 349-50). 
The fluoride was added to a suspension saturated with nitrogen; later this was replaced by air 
and the glucose was now added undei aerobic conditions. The inhibition was much stronger under 

these conditions than when the experiment was carried 
out from the beginning under aerobic conditions. 

The addition of substrate confers also 
under anaerobic conditions considerable ad- 
ditional protection, as evident from Table XIV and 
Fig. 10 and 11. Following the addition of glucose the 
anaerobic fermentation is almost as resistant to fluoride 
as the respiration or the aerobic fermentation. 
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7) Influence of pre-treatment on the inhibition 
of anaerobic fermentation by fluoride added before 
the glucose. It has been claimed previously (^) that 
starved yeast and normal yeast do not present any 
difference as to the sensitivity of the anaerobic fer- 
mentation towards fluoride. In the experiments in 
question the fluoride was added before the glucose. It 
seemed from this that the pronounced difference found 
under aerobic conditions between normal and starved 
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peated experiments apparently confirmed the earlier 
ones. Later, however, experiments were commenced 
with yeast which had been specially fed with glucose 
under aerobic conditions as described above p. 13-14. This yeast was compared with one treated 
under the same conditions but with equal volumes of distilled water added instead of the 
glucose solutions. A pronounced after-effect of the pre-treatment with glucose 
was observed also under anaerobic conditions. It was further found that the 
results are dependent upon the completeness of the removal of oxygen; the nitrogen contains 
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traces of oxygen even after passing glowing copper. The low respiration taking place confers 
a certain degree of protection, when the fluoride is added before the addition of glucose. 

The pre-treatment was carried out under aerobic conditions in the following ways: 1. 250 mg 
yeast were suspended in 70 mmol/1 8 . 8 .-buffer in flasks which were shaken in a water-bath 
at 25^.2 ml 870 mmol/I glucose were added immediately. After 1 hour 1.5 ml and after two hours 
1 ml 870 mmol /1 glucose were added. 

II. Simultaneously a parallel sample was shaken, to which, instead of the glucose solu- 
tion, the corresponding amount of distilled water was added. 

The shaking was interrupted 15 minutes after the last addition of glucose or distilled water. 
The yeast was washed thoroughly, centrifuged, and re-suspended as usual in s.s.-buffer solution. 

The samples were made in duplicate. The air was replaced by nitrogen purified over copper 
at 500°. Chromous chloride ( 0,8 ml) was introduced as described above into the central cup of 
the manometric flask. The samples with yeast fed previously are designated below as I, those 
with unfed yeast as II. One set of samples was shaken 5 minutes, another set 50 minutes before 
the addition of fluoride (I^, II^, I^i^, 11^ respectively). The stationary rates of fermentation are 
given in Table XV. 

TABLE XV. 


20 mg yeast per sample, glucose concentration 28.2 mmol/1. Fluoride— >glucose in- 
terval 10 minutes, gas space: nitrogen, t = 25°. 


No. 

1 

2 

3 

4 

Fluoride cone, mmol/1 

0 

4.2 

6.3 

8.4 

I* 

Stationary rate, fil per minute 


11.5 

11 

11 

10.6 



n 

— 

0.96 

0.95 

0.90 

II. 

ft ft ft 


16.7 

12.8 

9.9 

2.2 



ft 

— 

0.76 

0.59 

0.13 


ft ft ft 


10.1 

9.9 

8.8 

1.1 



ft 

— 

1.00 

0.87 

0.11 

IIh 

ft ft ft 


13.3 

2.6— 6.3 

1.4—2 

1.0 



ft 

— 

0.19—0.4 

0.11—0.16 

0.07 


It is evident from the data given that there is a considerable difference between the sam- 
ples I 5 and II 5 . the fed yeast being more protected against fluoride than the un- 
fed yeast. In the former hardly any inhibition occurs at all. This difference seems to be smaller 
if strictly anaerobic conditions are not adhered to, e.g. if no chromous chloride is added *). 
The non fed yeast behaves then in a way which is more similar to that exhibited by the fed 
yeast. One further feature of this experiment is remarkable. During the shaking under anaerobic 
conditions some change must occur in the yeast, a change which renders it more sensitive to 
fluoride. A strong inhibition is observed in I^q with 8.4 mmol/1 NaF, in II^^ the inhibition has 
increased still more. The protection conferred by the feeding has decreased. Evidently a pro- 
tection was at work also in the unfed yeast in Ilg^, a protection which has been broken down here 
during the anaerobic incubation in the shaken manometric flasks. No constant values could be 
given however for 11^ 2 and 8 (4.2 and 6.8 mmol/1 fluoride respectively). In fact the curves are 
not linear in these cases. During the first 10 minutes the rate is almost equal to zero but increases^ 

*) It was proved in special experiments that the pres^oe of chromous chloride in the central 
o up has no poisonous action. 
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the final rate in No. 2, 6.3 fi\ per minute, being attained only after 70-80 minutes from the 
addition of the glucose. The inhibition seems here to be complete in the begin- 
ning of the experiment but a certain recovery 1200 
is taking place. From the table it is also evident 
that the final rate of fermentation in the unfed yeast 
is still lower as compared with the rate in the fed one. 

The experiments with strict anaerobiosis were 
repeated and confirmed several times with varied 
fluoride concentrations ranging from 2.6 tot 26 mmol/1 
fluoride. Also the peculiar shape of the curves repre- 
senting the fermentation in the samples with fluoride ^ 
was reproduced in a more or less pronounced way. In ^ 

Fig. 12 a set of curves is given, which beautifully ^ 
shows the recovery occurring after the addition of 
glucose to unfed yeast. The fluoride was added only 
after a 40 minute period of shaking under strictly 
anaerobic conditions. The yeast had been subjected 
to a pre-treatment similar to that described above, 
p. 22, with addition of distilled water. In the cor- 
responding samples in which the yeast had been fed 
with glucose the inhibition was much lower in the 
lower concentrations of fluoride as compared with the 
results in the unfed yeast. With respect to the changing rate of the respiration in the samples 
with unfed yeast, A-values were calculated for both the fed (I) and the unfed yeast (II) and 
are given in Table XVI. 

TABLE XVI. 



60 90 

Fig. 12. 


120 ISO 180 

Minutes 


12 mg yeast per sample. Glucose cone. 28.2 mmol/1, t = 25®. Fluoride — glucose 

interval 10 minutes. 


No. 

1 

2 

3 

4 

5 

6 

Fluoride cone, m mol/1 .... ... 

0 

8.7 

4.2 

6.2 

8.4 

12.4 

I. A, fil CO, X minutes . . 


95,700 



97,000 

46,700 

6,400 

n 

— 

— 

— 

1.00 

0.49 

0.07 

n. „ 


106,100 

65,100 

22,400 

20,800 

9,000 




ft 

— 

0.61 

0.22 

0.19 

0.09 

— 


The recovery found in this experiment, cf. Fig. 12, is of quite analogous nature to the re- 
covery found in starved yeast in experiments carried out under aerobic conditions. A number 
of experiments has shown that the level of protection is still lower in starved yeast 
under anaerobic than under aerobic conditions. In the aerobic experiment. Table 
VI, no inhibition was conferred by 8.3 mmol/1 fluoride, wb'le in the anaerobic experiment, 
Table XVI, a considerable inhibition occurs even at 3.7 mmol/1 fluoride. 

In higher concentrations of fluoride (16, 26, 37.6 mmol/1 fluoride) the recovery process 
becomes less conspicuous and finally vanishes. 

Starved yeast and normal D6-yeast were also compared as to their sensitivity towards 
fluoride under strictly anaerobic conditions (chromous chloride, manometers shaken in nitrogen 
80—40 minutes before the addition of fluoride). A similar difference was found here as in the 
experiments with unfed and fed yeast referred to above. The normal yeast is more resis- 
tant towards the action of the fluoride as compared with the starved yeast. 
This difference evidently is less pronounced if the anaerobiosis is not strictly adhered to. This 
would explain why we failed to detect the difference in earlier experiments. It seems also pro- 
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bable that the prolonged period of shaking of the yeast in the water-bath before the experiments 
tends to accentuate the difference here as in the experiments with fed and unfed yeast. Finally 
in our earlier experiments we did not vary the concentrations of fluoride as much as in the 
present experiments; only rather high concentrations were used in which the differences are 
smaller or not at all pronounced. 

The results reported in this section show that the level of primary protection varies also 
under anaerobic conditions according to the prehistory of the yeast. The primary protection 
may be due to the formation of a sjrmplex between the enzyme and a compound formed during 
the pre-treatment from added substrate. 

The formation and also the maintenance of the protected unit seem to 
depend on energy yielding processes, respiration or fermentation. Under strictly 
anaerobic conditions no respiration or fermentation takes place at the expense of endogenous 
substrates. Due to this fact the protected unit changes and the level of protection is lowered. 
It is perhaps permissible to assume that a chemical change of the protecting compound is the 
cause of the decreased level of protection. It is now of interest to see in the experiments repor- 
ted in this section that with prolonged maintenance under anaerobic conditions the level of 
protection further decreases. The interpretation is, we believe, that the protecting compound 
is further broken down or perhaps gradually dissociates from combination with the enzyme, 
leaving this in a more and more unprotected state. The unprotected state may perhaps be 
identical with an unfolded or reversibly denatured state of the enzyme molecule, the r 61 e of 
the protecting compound being the maintenance of the enzyme molecule in its native state. 
It is involved in tliis assumption that the activity of the enzyme is compatible with a slight 
degree of denaturation. 

8) Influence of pre-treatment on the inhibition of the anaerobic fermentation by 
fluoride added after the glucose. In a number of experiments fed and unfed yeast 
were compared as to the inhibition of fermentation caused by fluoride added after the glucose. 
The results at first seem rather paradoxical but they have received confirmation by numerous 
repetitions under slightly varied conditions. 

The pre-treatment with glucose and distilled water was carried out in exactly the same 
way as described above, p. 22. The yeast which has been submitted to a pre-treatment with 
glucose is denoted again as I, and the parallel samples, in which the glucose was replaced by 
^stilled water are denoted as II. ^10 and I5Q denote that the yeast has been shaken in nitrogen 
10 or 50 minutes before the addition of glucose. In the latter case addition of chromous chloride 
secured the more complete removal of traces of oxygen. 

The A-values are given in the Table XVII. 

TABLE XVII. 


12 mg yeast per sample. Glucose concentration 23,2 mmol/1, gas space: nitrogen t=25®. 


No. 

1 

2 

3 

4 

5 

Fluoride cone, mmol/1 

0 

37.5 

50 

62.5 

75 

1 

ii. 

A, /il O 2 X min 

n 

102,000 

74,800 

0.73 

i 

27,800 1 
0.27 

13,200 

0.13 

1,790 

0.02 

III. 

if if 

ff 

108,300 

125,340 

1.15 

84,000 

0.78 

15,720 

0.13 

5,520 

0.05 

IftO 

if it 

tt 

110,800 

97,300 

0.88 

69,400 

0.62 

i20,S00 

0.19 

6,170 

0.05 

ii» 

it if 

ff 

118,000 

i 

1 

120,760 

1.02 

108,100 
0.88 , 

25,680 

0.22 

7,180 

0.06 
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Duplicate estimations show that the values of this table should be regarded as certain 
within about ± 8%. The errors are somewhat greater in the strongly inhibited samples. 
There is no doubt however that there is a significant difference between IlO and in the 
concentrations 87.5 and 60 mmol/1 of fluoride. In the higher concentrations of fluoride the dif- 
ferences disappear as is usually observed. It is surprising that under these circumstances 
the fed yeast is more sensitive to fluoride than the unfed yeast. The shaking of 
the yeast under anaerobic conditions renders the yeast less sensitive to the fluoride, provided 
that the glucose is added before the fluoride. This is conspicuous above all in the case of the 
fed yeast, cf. IlO and I50. For the unfed yeast the effect is more uncertain or at least much slighter. 

The experiments I^q and II^q of Table XVII were not carried out under strictly anaerobic 
conditions. Addition of chromous chloride did not, however, change the character of the result; 
in general the differences were more pronounced between thj fed and unfed yeast when the anae- 
robic condition was more strictly adhered to. Even the fermentation rate of the fed yeast without 
fluoride was lowered in a significant way. In later experiments care was also taken to bring the 
fed yeast as soon as possible into the manometric flasks under nitrogen. Furthermore, the cells 
change while in the manometric flasks under nitrogen even if not shaken. The work was there- 
fore carried out as rapidly as possible and a smaller number of apparatuses was used in the later 
experiments. The addition of the different components to the manometric flasks and the re- 
placing of the air by nitrogen in six apparatuses could be made in 15 minutes. The following 
table gives the A-value for an experiment carried out under strictly anaerobic conditions and 
using the minimum time for the preparations. ^10 means, as above, fed yeast shaken in the water- 
bath (25°) for 10 minutes, I^ the same yeast shaken for 60 minutes before the addition of glucose. 
Fluoride was added 10 minutes later. IIjq and Ilg^ are the corresponding designations for the 
unfed yeast (distilled water added during the pre-treatment instead of glucose). 


TABLE XVIIl. 

12 mg yeast per sample. Glucose concentration 23,2 m mo]/I, gas space : nitrogen, t=25°. 


No. 

1 

2 

1 3 

Fluoride cone, rn mol/J 

0 

37.5 

50 

Ijo 

A-valuo fjil COj X min 


88,800 

8,400 

0 

1 - . 



n 

— 

0.09 

0 

leo 



109,200 

92,060 

58,000 




— 

0.84 

0.35 

IIio 



122,700 

119,600 

88,600 




— 

0.97 

0.72 

II«o 

}f 


124,400 

110,500 j 

82.000 




— 

0.89 

0.66 


The extremely great sensitivity of the fed yeast Ijq is in striking contrast to the samples 
in which a considerable protection has developed during the time of shaking in the water- 
bath. In the unfed yeast the protection is higher from the beginning (llio) than in the fed yeast 
subjected to shaking (I^), If there is any change in the Il-yeast induced by shaking it is in the 
opposite direction to that in the I-yeast. 

Similar experiments were carried out with normal yeast D5 from the factory and yeast 
starved by shaking in distilled water for 16 hours. A slightly greater sensitivity may prevail in 
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the nonnal than in the starved yeast, the fluoride being added 10 minutes after the addition of 
glucose. In Table XIX Ijq means the normal, the starved yeast, both have been shaken under 
strictly anaerobic conditions for 10 minutes before the addition of glucose. 


TABLE XIX. 

12 mg yeast per sample. Glucose concentration 23.2 mmol/1, gas space :nitrogen, t=525®. 


No. 

1 

2 

8 

4 

5 

Pluoride 

cone, mmol/1 


0 

25 

37.5 

50 

75 

Iio 

A, CO| X min 


155,800 

158,700 

157,500 

114,260 

4,920 



n 

— 

1.02 

1.03 

0.76 

0.03 

II,. 

»» tt 


169,500 

188,200 

173,500 

145,200 

24,380 



$9 

— 

1.1 

1.02 

0.86 

0.14 


As in experiments described above the yeast cells were also shaken under nitrogen for 
50 minutes in the manometric flasks (chromous chloride added). Practically no difference was 
obtained as an effect of the period of shaking. The pronounced change of sensitivity due to 
shaking seems to be characteristic of the fed yeast. 

The seemingly paradoxical results of this section are explicable on the basis of the ideas 
outlined in the preceding section. Following the pre-treatment with glucose protected units are 
built up. When the cells are brought under anaerobic conditions the enzyme is still in combina- 
tion with the protecting compound. While the cells are shaken under anaerobic conditions in 
the absence of substrate the protecting compound is degraded; as a consequence of this the de- 
gree of protection is lowered. In the experiments reported in this section glucose was added to 
the cell suspension before the fluoride. On the addition of glucose fermentation as well as synthe- 
tic processes are induced. A protecting compound is formed which combines with the enzyme, 
thus conferring protection. This protection is maintained in a stationary state on account of 
the fermentation. In the building-up of fresh protected units the cells fed previously are at a 
disadvantage. The presence of the already degraded protecting coumpound here impedes the 
reaction with the freshly formed and more efficiently protecting compound. As a consequence 
the inhibition by fluoride added after the glucose is stronger in yeast fed previously than in the 
unfed yeast. As pointed out in the preceding section the protecting compound is removed, when 
the yeast is shaken under anaerobic conditions in absence of substrate. This is reflected in an 
experiment such as that of Table XVIII. The yeast fed previously was shaken for 60 minutea. 
When fluoride was added after the glucose, the protection was much stronger than in the same 
yeast which had been shaken only for 10 minutes, cf. ^10 and of Table XVIII. With increasing 
period the degraded protecting molecules have become dissociated from the enzyme. This is 
now able to react with the freshly formed protecting compound. 

9) Addition of alcohol does not protect the anaerobic fermentation. Under 
aerobic conditions alcohol added before the fluoride exhibits a protecting influence against 
the inhibition cf. p. 16. In a number of further experiments alcohol 17 mmol/1 was added to 
samples kept in nitrogen. Then the fluoride was added, and 5 or 10 minutes later the glucose. 
In some of the first experiments carried out the impression was gained that the alcohol protects 
somewhat even under anaerobic conditions. Two precautions were adopted in the subsequent 
experiments. A stricter anaerobiosis was adhered to: chromous chloride was added to the central 
cup of the manometric flasks, the suspensions were shaken in the water-bath for 80-50 minutes 
before the addition of fluoride, which was followed 5 — 10 minutes later by the addition of 
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glucose. Under these conditions no protection was prevailing, even when the suspen- 
sion contained 17 mmol/l alcohol, before the addition of fluoride; on the contrary, a 
certain not always pronounced increase of the inhibition was observed when alcohol was present. 
One experiment may be described in more detail. The alcohol was added immediately before 
the joining of the flasks to the manometers, in order to prevent any aerobic formation of pro- 
tective compound from the alcohol. The stationary rates were determined graphically and are 
given in Table XX. 

TABLE XX. 

20 mg yeast per sample Fluoride— > Glucose cone. 23.2 mmol/l. Gas space ; nitrogen. 

t = 25°. 


No. 

D 


B 

4 

5 

6 

7 

Fluoride cone, mmol/l 

0 

6.3 

Iq 

12.5 

1G.7 

25 

37.6 

Without alcohol . . . . 

Stationary rate, 
/il COj per min. 


12.7 

2.8 

1.8 

1.2 

0.9 

■ 

CO 0 



n 

— 

0.22 

0.14 

0.10 

0.07 

■ 

0 

With alcohol 

j» >> 


12 

1,5 

IB 

0.5 

CO 0 

CO 0 

CO 0 




— * 

0.12 

0.11 



CO 0 

CO 0 


With this experimental arrangement a protection conferred by the addition of alcohol 
would be easily detectable. Actually a certain increase of the inhibition is observed in 
the samples containing alcohol. 

10) The infiaence of yeast extract on the inhibition caused by fluoride. The yeast 
extract has been prepared in the following way: 

Fresh yeast was suspended in 2,8 volumes of hot water. The suspension was kept for 10 minutes 
at 85°. The yeast was centrifuged off, and the extract was submitted to a treatment similar to the 
first steps of preparing cozymase, of. MyrbAckIT). Lead acetate was added and the precipitate 
formed was filtered off. The filtrate was precipitated with 
mercuric acetate, the precipitate washed and resuspended, 
and the mercury removed with hydrogen sulfide. This ex- 
tract is rich in nitrogenous compoimds, activators and 
growth promoting substances. One of the activators is 
the Z-factor (18) which promotes the fermentation. 

A particular experiment will now be reported: 

0.8 ml. yeast-extract was added directly to the yeast 
suspension in the main compartment of the vessel. In 
all other respects the samples were prepared according 
to the standard procedure. Table XXI gives the results^ 
expressed as A-values. -5^ 

Fig. 13 represents the Oj-consumption in the 
samples Ib, 1 — 4 . In the sample 1 without fluoride an 
increase of the rate takes place about 100 minutes after 
the beginning of the experiment. This is just the opposite 
of what happens in samples without yeast extract, in 
which the rate somewhat decreases about the same 
time after the beginning of the experiment. During 
the first part of the curve the rate is about 6.6, after 
the upward inflection about 10 /itl/min. It is seen that 
the curves 2 and 8 break off 60 — ^70 minutes from the 
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TABLE XXI. 

Glucose— >fluoride 5 minutes; glucose cone. 23,2 mmol/1; t « 25®. 


No. 

1 

j 

2 

3 

4 

Fluoride cone, mmol/1— >• 

0 ! 

i 

25 

37.5 

75 

I. Respiration. 





a) Without addition of yeast 
extract 

A, fil 0, X min. . 


83,000 

86,600 

81,000 

31.400 



n 

— 

1.04 

0.98 

0.38 

b) With yeast-extract add- 
ed 

f» ff 


105,300 

90,500 

81,000 

38,400 

1 



— 

0.84 

0.77 

0.36 

II. Aerobic fermentation. 





a) Without addition of 
yeast-extract 

A, /til COj X min. 


29,500 

82,700 

31,700 

11,600 



tf 

— 

1.11 

1.08 

0.38 

b) With yeast extract add- 
ed 

ft ft 


166,000 

79,000 

45,300 

16,200 



ft 

— 

0.47 

0.27 

0.1 


beginning of the experiment. The rate is, after 
this time, considerably lower than the initial rate 
in control No. 1, namely about 5.0 and 8.6 /il/min 
in No. 2 and 8 respectively. Evidently the fluoride 
not only impedes the increase of rate taking place 



in the control, but when it has had a certain time 
to act, it decreases the rate to a value below the 
initial rate of the control (curve 1). 

Fig. 14 and Fig. 15 give the sum curves of 
fermentation without and with the yeast extract 
(Table XXI, Ila and b). The strong increase of the 
fermentation following the addition of yeast ex* 
tract is evident. The strong inhibition caused by 



Minutes 
Kg. 15. 
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the fluoride is also striking. The curves showing the aerobic fermentation in the presence of 
fluoride separate almost immediately from the control curve (Fig. 16). Furthermore the curves 
soon break off more or less suddenly. All this shows that the degree of protection is very low 
in this case or we can formulate the conclusion; addition of yeast extract causes a 
decreased protection of the aerobic fermentation against fluoride in experi- 
ments of the type glucose — fluoride. 

The protection against fluoride conferred by substrate is much stronger under anaerobic 
conditions than in the samples kept aerobically to which yeast extract has been added, ef. 
Table XiV, II b. No inhibition was observed here until the experiment was carried out in the 
presence of concentrations of fluoride higher than 25 or 37.5 mmol/1. When the yeast concen- 
tration was 20 mg per sample even a rather strong stimulation was observed under anaerobic 
conditions in presence of 26 or 37.5 mmol/1 fluoride in experiments of the type glucose— >- fluo- 
ride, of. above p. 20. 

The effect which the yeast extract has on the sensitivity of the respiration towards fluoride 
is less pronounced than the effect on the fermentation. 

In view of what has been reported above it seems paradoxical that addition of yeast extract 
confers a considerable protection when the fluoride is added before the glucose. The yeast ex- 
tract was added, as above, directly to the yeast suspension before the joining of the flasks to 
the manometers. About 15 minutes later the fluoride, and after a further 10 minutes period the 
glucose (23,2 mmol/1), was added. In a control without yeast extract the inhibition was com- 
plete in the fluoride concentration 60 mmol/1. In the presence of yeast extract a considerable 
residual respiration was still found in this fluoride concentration, n being oo 0.5 — 0.6. 

The yeast extract contains some substrate which is oxidised but not fermented by the 
cells. This substrate, as was found by Mr. K. Brandt cannot be completely removed even by 
Cu-Ca-precipitation. The substrate increases the respiration in the yeast several hundred 
percent for a certain time. As a consequence of this involuntary addition of an oxidisable sub- 
strate, the protection against fluoride is increased. 

It is indeed probable that the yeast extract does not in itself decrease the 
protection against fluoride. When yeast extract -f glucose is added a state is induced 
in the cells which gradually results in growth and budding. Yeast extract alone does not induce 
this state, which before any bud formation, reveals itself through characteristic metabolic and 
structural changes, cf. Caspersson and Brandt l^). It is therefore probable that the decrea- 
sed protection is due to changes which are subsequent to the induction of growth. 

Some further experiments showed that a pre-treatment of starved yeast with glucose + 
yeast extract or alcohol + yeast extract gives a level of protection which both in respiration 
and aerobic fermentation is considerably lower than the level of protection in starved yeast 
pre-treated with glucose or alcohol alone according to the procedure described above, p. 12. 

The final experiments were of the type glucose— > fluoride. In the cells pre-treated with 
yeast extract + glucose or alcohol practically all the cells were in a state of budding while 
only few buds were observed when the cells had been pre-treated with alcohol or glucose alone. 
The aerobic fermentation is not increased, when the yeast has been pre-treated with yeast 
extract + glucose washed and resuspended in s.s.-buffer solution without yeast extract. Only 
under the direct action of this latter is the strongly enhanced fermentation shown in Fig. 15 
observed. No details will be given here of the experiments with the pre-treafced yeast. They 
have been briefly mentioned as they confirm that the state of growth rather than the presence 
of yeast extract confers the decrease of protection against fluoride. 

11) The influence of ammonia on the inhibition caused by fluoride. The addition 
of NH^-salts has a similar influence on the aerobic fermentation to that of yeast extract. This 
has been found already by Zeller 20) and has been confirmed by Smythb 21). A detailed study 
of this phenomenon has been carried out in our laboratory, cf. Runnstrom, Brandt, and 
Marcuse 22), Here we shall only show that the addition of NH^Cl to a suspension 
of normal yeast lowers the level of protection against fluoride. The samples were 




80 


JOHN BUNNSTBdM, BONALD OUBNBY AND BBIK SPBBBBB 


TABLE XXII. 


Glucose —>• fluoride interval 10 minutes. Glucose cone. 23.2 mmol/1; t = 25®. 


No. 

1 

2 

3 

Fluoride cone, mmol/1 

0 

37.5 

75 

I. Respiration. 




a) NH4CI 0 . . . . 

A, /il 0, X min. 


87,400 

88,600 

21,300 



n 

— 

1 

0.24 

b) „ 3.5 mmol/1 . 

it it 


79,600 

75,200 

0.94 

25,700 

0.82 

1 

II. Fermentation. 




a) NH4CI 0 . . . . 

ti f* 


13,300 

25,000 

8,700 




— 

1.87 

0.65 

b) „ 3.5 mmol/1 . 

ft ft 


94,000 

52,600 

9,500 




— 

0.56 

0.10 


O 

a. 


made up in the usual way. The concentration of NH^Cl, added directly to the yeast suspension 
in the main compartment, was 8.5 mmol/1. 

The fermentation is seen to be much increased on addition of NH 4 CI; at the same time a 
strong inhibition is caused by fluoride. According to the data of Table XXII the level of pro- 
tection in respiration does not seem affected by the addition of NH 4 CI. In the control without 

NH4CI the curves 
corresponding to 
the samples with- 
out and with 
87.5 mmol/1 fluo- 
ride practically 
coincided. Fig. 16 
shows the curves 
for the respira- 
tion in the sam- * 5 ^ 


1000 


800 


600 


400 


200 




A 

- 






1 

3 

.1 


1000 L 


pies with addi- 
tion of NH4CI. It 


30 


60 90 

Minutes 

Fig. 16. 


120 150 ISC 



is obvious that 
the courses of 
curve 1 (no fluo- 
ride) and cur- 
ve 2 (with 87,5 
mmol /1 fluoride) 
are rather diffe- 
rent. In the curve 2 a stimulation of the respiration in respect to the control is observed. 
About 80 minutes after the addition of fluoride the curve 2 breaks off rather suddenly. The 
rate decreases from about 6 to 2.5 pXO^mm and further. This curve shows that 

the inhibition is more pronounced than that indicated by the A-value. 

The curves representing the aerobic fermentation in absence of NH4CI, (Table XXII Ha) 
were almost identical with the curves 1, 8 and 4 of Fig. 14. The control curve presented a vezy 
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marked ^secondary fermsntation*\ of. above p. 7. In the presence of 85.7 mmol/1 fluoride 
(Table XXII II a No. 2) a considerable stimulation is shown, but the rate of the secondary fermen- 
mation of the control finally arrives at values which are higher than the rate of No. 2, cf. curve 
1 Fig. 14, which finally cuts the curve 3 (37.5 mmol/1 fluoride). The inhibition in Ila, No. 3, 
involves chiefly a suppression of this secondary fermentation. 

Fig. 17 gives the fermentation in the presence of NH4CI. The curves are found to separate 
from the beginning in this case as on the addition of yeast extract cf. fig. 15. The curves 2 and 3 
break off after a longer or shorter time which corresponds to a complete inhibition of the fermenta- 
tion. In the curves 1 and 2 a certain rise of the rate of fermentation is observed about 90 minutes 
after the commencement of the experiment. This rise is due to growth and budding induced by 
the presence of glucose -f NH4CI. It is assumed that this is also the cause of the decreased 
level of protection manifested above all in fermentation in the presence of glucose + NH4CI. 


12) The inhibition of respiration and fermentation by fluoride in the presence of 
cystein and thioglyeollic acid. It has been inferred above that addition of yeast ex- 
tract or NH4CI has a promoting effect on the inhibition caused by fluoride. One objection may 
be raised however against this inference. The aerobic fermentation might in itself be more sen- 
sitive to fluoride than the respiration. This sensitivity does not perhaps manifest itself before 
the fermentation has arrived at its maximum. This objection would be in keeping with the ex- 
planation given above, p. 7, of the fermentation conferred by the addition of fluoride, when 
the fermentation or respiration is low. 

The addition of cystein has already been referred to above as a method of promoting the 
aerobic fermentation, p. 17 and (13). In one experiment the cystein concentration amounted 


to 0.2 mmol/1. The glucose, 23.2 mmol/1, was added five 
minutes before the fluoride. The A-value for the fermen- 
tation increased from 11.000 to 175.000 under the influence 
of cystein (while the A-value for respiration decreased from 
86.500 to 89.000). In the fluoride concentrations 87.5 and 
50 mmol/1 no inhibition of the fermentation, but on the con- 
trary a slight stimulation, was observed (n 00 1.02). Only 
in the fluoride concentrations 75 and 125 mmol/1 did the 
n-values decrease to 0.16 and 0.03 respectively *). In the 
experiment with yeast extract, on the other hand, the 
inhibition of the aerobic fermentation was strong (n = U.47) 
even at the fluoride concentration 25 mmol/1, cf. Table 
XXI, Ilb 2. 

Also in the presence of NH4CI (Table XXII), a strong 
inhibition of the aerobic fermentation was caused by 37.5 
mmol/1 fluoride. Consequently the level of protection is 
lower than in the experiments with added cystein. At 
higher fluoride values the differences disappear. This phe- 
nomenon has often been observed, for instance when com- 
paring fed and unfed yeast, cf. table VII, p. 18. 

1 — n 

In Fig. 18 curve 1, the quotient , the inhibition 



mmol/l NaF 


over the remaining fermentation, has been plotted for the 


Fig. 18. 


*) The influence of the fluoride on the respiration in presence of cystein is of minor importance for 
our discussion. As mentioned above the respiration is considerably lowered on addition of cystein. 
In the presense of cystein and 87,5 of 50 mmol/l fluoride the respiration was stimulated (n = 1,06 
and 1,3 respectively, the corresponding n-values without cystein 1.00 and 0,75). In the higher fluo- 
ride concentrations, 75 and 125 mmol/l, an inhibition is observed (n = 0,68 and 0,19 in presence of 
cystein, 0,82 and 0,07 in corresponding samples without cystein). 
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cystein experiment just mentioned. Curve 2 gives the same function for the experiment 
with yeast extract (Table XXI). The last value of curve 1 is somewhat uncertain in view of 
the great change of the value of the quotient with a small change of n. The corresponding 
value of curve 2 is lacking but no doubt the curves will practically converge at higher values of 

^ The general shape of these curves is similar for respiration and fermentation. Their 
n 

interpretation will be discussed below, p. 86. 

It is clear from the cystein experiment that an increase of fermentation does not in itself 
increase the sensitivity towards fluoride. In the experiment with yeast extract or NH4CI 
the level of protection is decreased on account of a specific change in the 
cells, the induction of growth. The addition of cystein does not induce growth. 

Table XXIII gives an example on the influence of thioglycollic acid *) on the inhi- 
bition conferred by fluoride. The thioglycollic acid was added directly to the yeast suspension 
in the main compartment of the manometric flask to give a concentration of 4 mmol/ 1 . The 
experiment with thioglycollic acid reported refers to the same material as does Table XXI. 
The control values given in Table XXIII are therefore the same as in Table XXI, la and Ila. 

TABLE XXIII. 


Glucose — > Fluoride interval 5 minutes. Glucose cone. 23.2 mmol/1, t = 25°. 


No. 

1 

2 

3 

4 

Fluoride cone mmol/1 

0 

25 

37.5 

76 

I. Respiration. 





a) Thioglycollic acid 
m mol/1 0 

A, ii\ Oj X min. 


83,000 

86,600 

81,000 

31,400 



n 

— 

1.04 

0.98 

0.38 

b) „ „ „ 4 

ft ft 


64,000 

50,000 

44,800 

23,000 



n 

— 

0.78 

0.70 

0.36 

11. Fermentation. 

i 




a) Thioglycollic acid 
m mol/1 0 1 

ft tf 

ft ft 


29,500 

33,000 

32,000 

11,600 



n 

— 

1.10 

1.07 

0.39 

b) „ „ 4 

ft ft 


41,000 

82,400 

82,400 

19,100 



n 

— 

00 2 

00 2 

0.47 


Thioglycollic acid decreases the rate of respiration even in the absence of fluoride; the 
effect is, however, much less marked than that which ensues on the addition of cystein even in 
much lower concentrations. The addition of thioglycollic acid above all decreases the protection 
against fluoride. 

As for the respiration, this is made clearer by Fig. 19 representing the respiration in the 
presence of thioglycollic acid. In the case of the two lower fluoride concentrations it is evident 
that the curves break off very early, after about 20 minutes. The decrease of rate, however, 
proceeds gradually and slowly. In the lowest fluoride concentration an initial stimulation in 


♦) A pure preparation of this substance was kindly supplied by Professor Broe Holubbro. 
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relation to the control without fluoride is observed. The curve 4 , representing the respiration 
in the presence of the highest fluoride concentration separates very early from the control 
curve 1 without fluoride. This is in striking contrast to the situation in the samples with no 
thioglycollic acid added. The curve corresponding to an addition of 75 mmol/1 fluoride practi- 
cally coincides for a period of 80 minutes with the control curve for no added fluoride. Now the 
break sets in earlier and more abruptly than in the samples with thioglycollic acid present. It 
is evident from this that certain rather qualitative diff eren- qqq 
ces are present which are not expressed in the values of A. 

The closer study of the curves, however, confirms 
and underlines the conclusions drawn from the calcula- 
tion of the A-values: the addition of thioglycollic 
acid reduces the protection from the normal to ^ 
a certain lower level. 2 
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concentration would be of the more abrupt type (cf. 

Fig. 18,1) in the case of the samples without thioglycollic 
acid, whereas a more continuous curve (cf. Fig. 19, 2) 
would be given by plotting the values for the samples 
with thioglycollic acid. 

The curves of Fig. 20 represent the fermentation in the presence of thioglycollic acid. Curve 1 
referring to a sample without fluoride (Table XXII I, Ilb No. 1) does not show in the beginning any 
difference from a control sample without thioglycollic acid. Just as in many control samples 
(cf. Fig. 2 and 14, curve 1), however, a secondary increase of fermentation occurred in the sam- 
ple to which Fig. 20, curve 1, refers. This secondary 
increase of fermentation, however, sets in earlier than 
in the control sample cf. Fig. 2 and 14, curve 1. Thus 
the A-value of curve 1, Fig. 20 (Table XXII I, lib 
No. 1) is considerably greater than the A-value of the 
corresponding control (Ila No. 1). In the fluoride 
concentrations 25 and 37.5 ramol/1 fluoride (Fig. 20 
curves 2 and 8) a strong stimulation of the fermen- 
tation occurred. Only in the highest concentration of 
fluoride (Fig. 20, curve 4) is an inhibition observed. 
This inhibition, however, is not pronounced during 
the first hour of the experiment; it really indicates 
a suppression of the secondary fermentation. 

It is obvious that the nature of the influence of 
thioglycollic acid on the fluoride inhibition is quite 
180 different from that conferred by yeast extract or 
ammonium chloride. These two last named agents 
have most markedly affected the fluoride inhibition 
of the fermentation. The addition of thioglycollic 
acid, on the other hand, seems to affect more greatly the sensitivity of respiration towards 
fluoride. It is possible that a difference in character between the enzyme acting in the respiration 
and that acting in the fermentation forms the background for the differences of reaction which 
have been described. 

IV. Discussion. 
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In the foregoing sections it has been shown how the ideas of primary protection and addi- 
tional protection form a useful basis for understanding the behaviour of respiration and fer- 
mentation in the presence of fluoride. It has further been stated cf. p. 2 that we have to deal 
with two different fluoride sensitive enzymes, one of these is a carrier in the chain of 
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respiratory enzjones the second one is an enolase acting as a link in the fermen- 

tation (7). 

If we now attempt to give a more detailed interpretation, we find at once the simplest 
molecular mechanism that we can think of is capable of accounting in a general way for most 
of the experimental results. We know, on the other hand, that the processes taking place in 
living cells are complicated; it is therefore likely that this simplest mechanism is too simple. 
In this section it seems best then to carry out the discussion in two stages: we shall (A) 
discuss the simplest molecular mechanism, and (B) consider whether certain mo- 
re complicated processes are perhaps more satisfactory and nearer to the truth. 

(A). We start from the idea that the inhibitor can react only with the small fraction of 
the enzyme molecules which happen to be unprotected at the moment, and we may write down 
the ideas which seem the most natural to entertain about such a process. 

(1) An enzyme molecule is protected when one or more of the protecting molecules com- 
bine with it to form a compoimd molecule, which may be called a „yrotected unit'*. 

(2) When such a protected unit happens to be thermally dissociated, an unprotected 
molecule is formed for the time being. 

(8) An enzyme molecule is temporarily inactivated when one, or a sufficient number *) 
of inhibitor molecules, or ions, has combined with it to form a compound molecule, which may 
be called an „inactivated unit**. When such a unit happens to be thermally dissociated, a free 
enzyme is likewise formed for the time being. 

(4) If the enzyme molecule is capable of protection by one substance, then it is likely 
that other similar substances will also confer protection. 

(6) In the absence of any protecting substance the action of the inhibitor would not be 
slow, but would be as rapid as in most familiar cases of inhibition; the activity of the enzyme 
would quickly adopt that value which is appropriate to the concentration of the added inhibitor. 

(6) If the living cell necessarily contains a substance which is a protector of this enzyme, 
nearly all the enzyme molecules will be found in combination with molecules of this natural or 
primary protector. One may begin by assuming that the cell contains only one such protecting 
substance, and that none of it is destroyed during the experiment. 

(7) When thermal dissociation of such a protected unit takes place, the enzyme molecule 
spends a short time in the unprotected state, before it becomes protected again. The average 
length of this interval depends on the concentration of the protecting molecules in solution; the 
higher the concentration, the shorter the interval. 

(8) In the presence of an inhibitor, whenever dissociation of a protected unit takes place, 
the inhibitor has an opportunity of attacking the enzyme molecule during the short interval 
before it becomes protected again. Whether one or more inhibitor molecules succeed in combi- 
ning with the unprotected enzyme molecule during this interval depends on the concentration 
of the inhibitor in solution; the higher the concentration of the inhibitor, the fewer the oppor- 
tunities that are missed. 

(9) If the average lifetime of a protected unit before thermal dissociation is more than a 
few seconds, we shall find that inhibition develops slowly, even when a high concentration of 
inhibitor has been added; the inhibitor cannot attack an enzyme molecule until it becomes 
unprotected. On the other hand, if the average lifetime of the protected unit is a small fraction 
of a second, we shall find only a slow inactivation when the concentration of the inhibitor is 
low; this slowness will be due to the fact that many opportunities of attack are being missed; 
and with high concentrations of inhibitor the inactivation will be rapid. 

We can discuss now how the activity of the enzyme would behave if these simple assump- 
tions were true. With regard to (9) the lifetime of both the protected units is short in the case 
of yeast, since a high concentration of fluoride gives a rapid inhibition of both respiration and 
fermentation. The lifetime of the inactivated unit appears to be longer. 

In section III, 2 it was shown that when a high concentration of glucose is present the effects 


♦) of. below p. B6. 




PKOTBCTION AGAINST THE INHIBITORY ACTION OF FLUORIDE 


65 


are independent of the concentration of glucose. Thus, although the amount of glucose is falling 
throughout the experiment, we may give a preliminary discussion treating the concentration 
of added glucose as constant. Figs 21a, b and c are intended to illustrate the behaviour expected 
when the fluoride is added before the substrate. In all three figures let the abcissae be the times 


that have elapsed since the addition of fluoride. 
In fig. 21a let the ordinates be numbers of 
inactivated molecules; and in fig. 21b and c 
let the ordinates be the total activities of the 
enzyme present. 

When the fluoride is added the number of 
inactivated molecules rises from zero, as sug- 
gested by the curve AB, and tends to a final 
equilibrium represented by the horizontal line 
CD. We are going to consider the experiment 
where, after a certain interval, glucose will be 
added at a concentration c. In the final equili- 
brium some of the enzyme molecules will 
combine with the additional protector; hence 
the final equilibrium will contain fewer inac- 
tivated molecules; let the value be that indi- 
cated by the horizontal line EF. 

The glucose may be added at any time. 
Up to the time when the glucose is added, a 
part of the curve AB is followed. But when the 
glucose is added, it checks the inactivation, and 
the curve AB is no long()r followed. For the 
sake of illustration a suggested time-scale has 
been indicated in the diagram. If the glucose is 
added after 5 minutes, the point G on the curve 
AB has just been reached. Li this case the 
number of inactivated molecules is less than 
the value demanded by the final equilibrium 
(represented by the line EF). On the other 
hand, if the glucose is added after 10 minutes, 
the point H will have just been reached. Now 
H lies almost on the line FE produced; the 
number of molecules already inactivated is 
nearly equal to that required for the final 
equilibrium; hence scarcely any further change 
is demanded. The curve in fig. 21b shows how 
we expect the activity of the enzyme to behave 
in this case; the inactivation would have fol- 
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lowed the broken curve, but when the glucose is Fig. 21. 

added (after 10 minutes as shown by the arrow) 

the inactivation is checked and we observe an almost constant rate of respiration; (the 
activity of the enzyme before the addition of glucose is of course not accessible to observation). 

Finally Fig. 21c shows the behaviour expected for starved yeast, when the same concen- 
tration of fluoride has been added. The amount of primary protector is smaller, and the attack 
is more rapid. If no additional protector were added, the activity would fall to a low value, 
following the broken curve. If a large amount of additional protector is added, however, the 
final equilibrium demands a larger number of protected and active molecules. Instead of fol- 
lowing the broken curve, the activity rises as soon as the glucose has diffused into the cells and 
then approaches a constant value. We see then that when the primary protection of the cells 
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is low, we may expect a recovery of the activity. This is just the effect which has been reported 
above in Fig. 4 for respiration and in Fig. 12 for fermentation. 

We have hitherto been considering the activity of the enzyme which is sensitive to fluo- 
ride. The process catalysed by this enzyme forms one link in a long reaction-chain; we need to 
know how the rate of reaction for the whole chain depends on the rate at this particular link. 
As it is hoped to publish elsewhere a discussion of this problem, we shall not consider the 
details here. In a recent note on the master reaction in oxidation chains (23) it has been shown 
that the slowest link in the chain usually combines with one or both adjacent links to determine 
the rate of reaction for the whole chain. To predict the behaviour of the respiration (or fermen- 
tation), the activity of the enzyme pictured in Figs. 21 b and c needs to be translated into rate 
of reaction for the whole chain; we cannot assume that one is simply proportional to the other. 
The departure from simple proportionality may be either small or large; thus two different lines 
of interpretation are open to us. 

This is specially important when discussing how the inactivation depends on the con- 
centration of fluoride. With the better known inhibitors of respiration, CN and CO, the degree 
of inactivation is not very sensitive to small changes in the concentration of the inhibitor. With 
fluoride, on the other hand, the inhibition of respiration seems to vary as a high power of the 
concentration, cf. Fig. 18, This difference between fluoride and CN may perhaps be ascribed 
to the fact that the links adjacent to the fluoride-sensitive link are of a different character from 
those adjacent to the link which is cyanide-sensitive. On the other hand, it seems more likely 
that the difference is to be ascribed to the fact that in the case of fluoride the reaction between 
inhibitor and enzyme molecule is of a different character from that found with CN and CO. 
In the case of CO Warburg ®) was able to assume that one molecule of the inhibitor combines 
with one molecule of the enzyme (and the work of Winzler 24) in this institute shows that this 
assumption is undoubtedly correct). The behaviour of fluoride appears to be quite different. A 
high concentration will produce in three seconds as much inactivation as a rather lower con- 
centration will produce in ten minutes. Apparently the inactivation of the enzyme molecule 
cannot arise from a simple union with either one fluoride atom or ion, or even with two, or three. 
Let J denote the molecule, or ion, or atomic group which actually combines with and inactivates 
the enzyme molecule E, thus 

E -j- J E J 

We can account for the experimental results if the concentration of J varies as a high power of 
the fluoride concentration. In low concentrations of F comparatively few molecules of J are 
present, but in high concentrations of F they are plentiful. At the same time the experimental 
behaviour is consistent with a simple union between E and several atoms of F *), thus 

E + nF ;i± EFn 

In low concentrations of F the probability for the rapid formation of EFn molecules is small; 
but in high concentrations the probability will be much larger. 

There seems little doubt that, if we could observe the inhibition by fluoride in the absence 
of the primary protector, we should find a similar behaviour in the degree of inhibition that is 
to say, the cause underlying the concentration effect has no connexion with the protection. 
The two phenomena appear to be quite separate and distinct. (In the case of protection studied 
by Dixon and Keilin26) there was only a normal slow variation with the concentration of the 
inhibitor). We shall return later to the discussion of this effect of concentration. 

(B) We may pass on now to the second stage of the interpretation. We have hitherto 
been neglecting as far as possible the fact that the process is taking place in the interior of living 
cells. We have been merely considering the interplay between three molecular species, the 
enzyme, the inhibitor and the protector molecules. We have supposed that the protector was a 
thoroughly stable substance, which did not take part in any other reaction during the experi- 

*) cf . Lipmann 25) who arrived at the same conclusion in work with maceration juice from yeast 
and with minced muscle. 
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ment. In a living cell, however, it seems very likely that the molecular species which protects 
is not at all such an inert substance, but that it is itself undergoing changes such as breakdown 
and synthesis. And further, the combination between protector and enzyme may be a step in 
this process, and not a mere accidental combination, as we have been treating it. This suggestion 
involves the idea that the enzyme in question carries on two functions simultaneously. In res- 
piration the principal function of the enzyme is to behave as a member of the oxidation chain; 
we suggest that at the same time it catalyses some reaction of the protector molecules. (The 
same suggestion applies to the other enzyme whose principal function is to behave as a member 
of the fermentation reaction chain). 

Consider now how this conception may affect the rate of inactivation by fluoride, for which 
the determining factors are (a) the lifetime of the protected unit EP, and (b) the length of the 
interval which the enzyme molecule spends in the free unprotected state E. We supposed above 
that combination E -f- P— >EP was followed by simple thermal dissociation. The conversion 
of protected unit into free unprotected molecule may, however, equally well come about by 
a reaction of the type 

EP + A AP + E 

We do not have to alter any of the fundamental ideas; we can still deal with the lifetime of 
the protected unit EP, and with the interval which the enzyme spends in the free unprotected 
state E. The difference is that in this case the life time of EP depends on the concentration of A. 
Alternatively, suppose that the protected unit is formed by 

E + 2P EPg 

Thermal dissociation of the protected unit may load to 

EPg Pg + E 

In this case too there is a functional relationship between the enzyme and the protector. Further 
experimental work is needed to test these ideas. 

We have not yet paid much attention to the nature of the additional protection which is 
superimposed on the primary protection when glucose is added. If we find that the rate of in- 
activation is much retarded, this may have come about in two different ways. It may be that 
the lifetime of the protected unit has been prolonged, bo that opportunities for attack occur 
less frequently. Or it may bo that the average time spent in the unprotected state is shortened 
owing to the higher concentration of protector in solution. The former effect would occur if 
the additional protector molecules attach themselves to the existing protected units, thereby 
forming a still more stable protected unit. Perhaps both these processes occur simultaneously. 
The unchanged glucose molecules may have some protecting effect, or the whole protective 
action may be contributed by molecular species rapidly formed from the glucose. It follows 
from the data presented in section III, 5 that protection is conferred also by addition of 
pyruvic acid, alcohol etc. Consequently a protecting compound can be formed from different 
sources. It must be left undecided if the same compound is always formed. 

In the case of the inhibitory action of fluoride substrates confer additional protection only 
if they are oxidized or fermented in the cell. Arabinose which is not attacked by the oxidation 
does not protect under aerobic condition, cf. p. 19. Under strictly anaerobic conditions alcohol 
does not protect; under these conditions alcohol is not attacked. Under aerobic conditions the 
alcohol is oxidized and now it exhibits a strongly protecting action. The oxidation or fermen- 
tation splits the molecules and by this they give rise to substances from which the protector 
may be formed. At the same time they give the energy to the synthesis which probably is necessary 
with the split products serving as material. If we knew the chemical nature of the protector 
this could perhaps be introduced into the cell and react directly with the enzyme. But on the 
other hand the anaerobic experiments cf . sections III 6 — 8, prove that the protector is changed 
and gradually dissociates off from the enzyme molecule if respiration and fermentation are not 
proceeding in the cell. 

In the preliminary discussion, cf. above p. 24 the conclusion was already drawn that 
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both the formation and the maintenance of the protected unit is dependent 
on respiration or fermentation. 

Lipmann^) has considered the possibility that the fluoride-sensitive enzyme contains a 
metal, such as iron, and that the inactivation is due to the combination of fluoride with this 
metal in the molecule. According to this view the inactivation would be a process very similar 
to the well-known inhibition of respiration by cyanide, in which the cyanide is believed to 
combine with the oxidized form of an enzyme containing iron. In this section we have, how- 
ever, contrasted the behaviour of fluoride with that of cyanide, since the observed dependence 
on the concentration of the inhibitor is quite different, and points to the formation of a com- 
pound of a different character ♦). It is possible that the inactivation by fluoride is due to an 
attack on the protein of the enzyme molecule. According to Mirbky and Pauling 27) hydrogen 
bonds play an important role in the configuration of the native protein molecule, denaturation 
being the result of the breaking of hydrogen bonds. Now fluorine is said to have a great capacity 
of forming hydrogen bonds; and the stability of the negative ion F-H-F', present in a solution 
of hydrofluoric acid, is ascribed to the formation of a hydrogen bond, cf . Miiller 28). It seems 
possible then that the inactivation by fluoride arises from an attack on the enzyme molecule 
by several molecules or ions containing fluoride, which form loose hydrogen bonds with the 
protein, thereby temporarily breaking up existing bonds in the native enzyme molecule. 

Summary. 

Two different enzymes in bakers yeast are largely subject to fluoride inhibition: 
1) a link in the respiratory chain with a normal potential not far from that of 
cytochrome b, 2) a link in the fermentation enzyme chain, probably the enolase 
acting in the transformation 2-phosphogly ceric 5 ± phosphopyruvic acid. In respect to 
the fluoride inhibition these enzymes behave in a very similar way. 

Under different physiological conditions the enzymes in question present different 
levels of protection against fluoride. It is inferred from numerous data that a ^'protected 
tmif* is formed by a combination of the enzyme proper with a compound formed from 
added substrate. 

It is inferred that the degree of inhibition by fluoride depends on the lifetime of the 
protected unit in relation to the lifetime of the enzyme-fluoride compound. 

Only substances which are attacked by respiration or fermentation are able to serve 
as a material for the formation of the protecting compound. 

If neither respiration nor fermentation proceeds in in the cell the protection decreases 
due to a change in the protecting compound. 

Thus both the formation and the maintenance of the protected unit depend on 
respiration or fermentation. 

The inhibition caused by fluoride increases from 0 to 100% within a comparatively 
narrow range of concentrations. This is in favour of the idea that several fluoride mole- 
cules or ions react with every enzyme molecule. 

It is admitted as possible that the protecting compound also forms a link in synthetic 
processes within the cell. This would explain the fact that in growing and budding cells 
the level of protection is considerably lowered in fermentation and to a smaller extent 
also in respiration. 

♦) In a previous paper (^) the metal complex hypothesis was discussed and the possibility was 
considered of explaining the protection by added substrate on this basis (l.c. p. 28, foot note). From a 
consideration of equation (1) of Klein and Runnstrom 29) it is evident however that the protection 
can not be explained in this way even if the fluoride-sensitive enzyme is an oxydation -reduction system. 
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1. Einleitung. Bis jetzt sind drei verschiedene zellfrei gefundene Enzyme bekannt^ 
die unphosphorylierte Glucose direkt, und zwar zu Gluconsaure, oxydieren: 
Die sog. „Gltico$eoxydase"' aus Aspergillus niger und Periicilliuin glaucum (Muller ^)), die 
Glucosedehydrase aus Saugetierleber (Harrison ^)) und die Glucosedehydrase aus Asper- 
gillusoryzae(OauRA^)). AusserdemhabenFRANKE u. Banerjee^) gefunden, dass Gefrier- 
saft und Autolysat aus BacL coli mit Glucose als Donator Methylenblau entfarbt, aber 
solange nicht Produkte isoliert sind, ist es unsicher, ob die Glucose direkt oder erst nach 
Spaltung Oder Phosphorylierung dehydriert wird. 

Donatorspezilit&t. Die sog. Glucoseoxydase aus A.n, dehydriert spezifisch Glucose > Galac- 
tose > Mannose (Muller 1)). Die Glucosedehydrase aus A.o, dehydriert Glucose > Xylose > 
Mannose und Galactose (Ogura^)). Doch lautet folgende Angabe Ogura’s sonderbar: „Wenn 
das Enzymprdparat — dialysierter Pressaft — 3 Tage lang bei 0^ im Eisschrank belassen vmrde, verlor 
es die Fdhigkeii zur Dehydrierung von Mannose und Galactose, wahrend Glucose und Xylose nock 
dehydriert werden*\ Die Glucosedehydrase aus Saugetieileber dehydriert Glucose. Galactose 
und Arabinose „showed no appreciable reduction of methylene blue except in high concentrations, 
and it is not unlikely that the slow reduction which then occurred was due to traces of glucose present 
as an impurity in the sugars'' (Harrison 1931). 

Der Unterschied in den Angabon iiber die Donatorspezifitat der drei Enzyme hat den 
untenstehenden Vergleich veranlasst. 

Acceptorspezilit9.t. Die drei Enzyme sind acceptorveischieden. Die sog. Glucoseoxyd- 
ase vermag sowohl Og wie einige Eedoxindikatoren zu reduzieren, namlich Chinon und die 
diesem nahestehenden Indophenole (o-Kresol-4-indophenoI, o-Kresol-indo-2, 6-dichlorphenol, 
Phenol-4-indophenol, o-Chlorophenol-4-indophenol und 2,6-Dichlorphenol-indophenol), aber 
weder Indigo- noch Anthrachinonderivate (Indigotetrasulfonat u. Anthrachinon-)8-sulfonat), 
noch Phenazine (Neutralrot, Phenosafranin), noch Oxazine (Nilblau), noch Thiazino (Methylen- 
blau) (Franks u. Lorenz ^ )). Gereinigte Praparate reduzieren ausserdem Toluylenblau, Thionin, 
Methylenblau, Pyocyanin, Safranin T und Cytochrom o (Franks u. Defpner®)). Die Gluco- 
sedehydrase aus A.o. vermag Chinon und dieselben Indophenolfarbstoffe wie die sog. Glu- 
coseoxydase zu reduzieren (mit Ausnahme von l-Naphtol-2-sulfonat-indo-2, 6-dichlorphenol), 
ausserdem einige Thiazinfarbem (Thionin) und Indaminfarben (Bindschedlbr-Grun), dagegen 
nicht Oxazinfarben (Cresylblau, Nilblau), die Thiazinfarbe Methylenblau, die Indaminfarbe 
Toluylenblau, Cytochrom c and Og (Ogura^)). Die Glucosedehydrase aus Saugetier- 
leber vermag Methylenblau, Glutathion und Flavinenzym, aber nicht Og als Acceptor zu ver- 
wenden. 

Coenzym* Die Glucosedehydrase aus A,o, und die sog. Glucoseoxydase sind nicht-dissozie- 
rende Enzyme, die eine Codehydraso nicht abspalten. Die Glucosedehydrase aus Saugetierleber 
dissoziiert in eine Apodehydrase und eine Codehydrase. Als Codehydrase sind sowohl Cozymase 
(Codehydrase I, Diphosphopyridinnucleotid) wie Codehydrase II (Triphosphopyridinnucleotid) 
wirksam (Dab 20)). 

*) Abkiirzungen: A,n . » Aspergillus niger, A,o, = Aspergillus oryzae. 
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ph'Abh&ngigkeit. Die sog. Glucoseoxydase hat ein ph-Optimum bei ungefahr 5,5 (Mul- 
LBB^)) — 5,0 (Frankb u. Lorenz®)), die Glucosedehydrase aus A,o, bei 7,8 (Ogura®)) und die 
Glucosedehydrase aus Saugetierleber bei ph 6 — 8. 


2. Methodlsohes. Enzympraparation. Die Glucosedehydrase aus Saugetierleber wurde uach 
Harrison 7) aus Ochsenleber hergestellt. Die Lebern wurden, wegen tierarztlicher Kontrolle, ‘-rat 24 
Stunden nach Schlachtung eisgekiihlt verarbeitet, lieferten aber Praparate, die in Akliviiat denen 
von Harrison gleich waren. Als Codehydrase wurde Cozymase aus Presshefe nach Ohlmbyer 8) ver- 
wendet. 

Die beiden Pilze wurden in Blechpfannen (50 x 38 x 4 cm) mit Blechdeckeln kultiviert. p]s go- 
nUgt, die Blechpfannen und die Deckel durch Dbergiossen mit einor nicht zu konzentrierten Losung 
von Paraffin in Aether zu sterilisieren. Beide Pilze wurden bei 31 — 32° kultiviert, dies ist jedenfalls 
fiir A,n. die physiologische Optimaltemp., obschon das sehnellste Wachstum bei 35° atattfindet 
(Janisch 9 )). 5 Blechpfannen mit je 2500 ccm Substrat, infiziert mit Sporenaufschwemmung aus 5 
konischen 300 ccm Kolben, geben ungefahr 200 g in der Handpresse trockengeprt'ssles Mycel, A.n. 
innerhalb 48 Stimden, A.o. innerhalb 72 — 9G Stunden. Vor der Trockenpressung liess man die Pilz- 
decken auf Salzlosung olme Glucose 5 — 15 Stunden hungern. Nach Pressung in der Handpresse 
wurde A.n. nach Muller (1936) und .<4.0. nach Ogura behandelt. 

Die Dialyse geschah in Kollodiumschlauchen, nach Sorensen 10 ) hergestellt. Nach 3-tagiger 
Dialyse bei -f 2° bis -f 5° gegen stromendes Wasser wird centrifugiert und die Losung durch Eintrop- 
feln in 96 % Alkohol : Aether 2:1 x 12 gefallt. Die sehr feinflockige Ausfallung wird auf Buchnek- 
trichter mittels des dichten Filtrierpapiers Schleicher u. Scuur.L Nr. 575 abfiltriert, mil Aether ge- 
spiilt und liber H 2 SO 4 in vac. getrocknet. Die direkt aus Pr(*ssafi luTgostellten Fallungen enthalteii, 
wie auch Franks u. Lorenz 5) hervorheben, irreversibel gefallte Proteine, die besten nach Dialyse 
gefallten Praparate sind dagegen in Wasser vollstandig loslich. 

Die Sauerstoffaufnahme wurde in dem von Krogh H) (vgl. Muller 1), 1928) modifizierten 
BARCROFT-Apparat gemessen. Die Sauerstoffaufnahme wurde wie folgt angegeben 


qo. Qo. = 


mm® O 2 aufgenommen 
mg Enzympraparat x Stunden, 


wo qQ die Sauerstoffaufnahme ohne Donator (Lceratmimg) und Qq die Sauerstoffaufnahme in Dona- 
torldsung angibt. Die Sauerstoffaufnahme wurde immer 80 Minuten nach Mischung von Substrat und 
Enzymlosung gemessen. Qq in Parallelversuchen variert hochstens ± 0,2. 

Die THUNBERome t hodik wurde nach der von Thunbero 10) angegebenen Voraclirifton verwendet. 
Fiir die Versuche mit Aspergillus-Enzym wurde 2,6-Dichlorphenol-iiidophenol (British Drug Houses)*) 
verwendet. Jeden Versuchstag wurde frische Losung in Pufferlosung verschieclenor ph hergestellt und 
nach Tillmans c s. 12) titriert, 

Reinheit der Zuckerarten. d-Glucose I, rein wawrfrei, Schering. d-Mannose reinst, 
rechtsdrehend, Schering. d-Galactose „Kahlbaum”. -h 81,08° (a = + 9,47, C = 5,840, 

1= 2) 24 Stunden nach Losung in Wasser, berechnet nach der Formel: [ajp = + 83,883° -f- 0,0785p -f- 
-r 0,209 + sollte [a] q* = + 80,79° sein. Fiir die Reinheit des Praparats — keine Beimeiigung von 
Glucose und Marmose — sprechen auchdasausTabelleVI ersichtliche geringe Wachstum von A.n. mit 
diesem Praparat. d-Xylose (rein, Schering- Kahlbaum) [a]^£^ -f 10° (a = -f 0,95, C = 2,499, 1=2), 
4 Stunden nach Losung in Wasser, mit dem Gleichgewichtswert von Hudson u. Yanovsky 13) iiber- 
einstimmend. Die Reinheit des Xylosepraparates geht iiberdies daraus hervor, dass Xylosezusalz 
zu Enzympraparat aus A.n. beinahe keine Meluabsorption von Og hervorruft (Tabelle III). 


8. Die sog. Glucoseoxydase besteht aus zwei Enzymen, einer Glueoseoxhydrase und 
einer anoxytropen Glucose-Dehydrase. Wahrend der Untersuchungen liber die Donator- 
spezifitat der sog. Glucoseoxydase ergaben sich mehrcre experirnentelle Befunde, die am 
besten durch die Hypothese zu erklaren sind, dass die sog. Glucoseoxydase zwei Enzyme 
enthalt, und zwar eine Glueoseoxhydrase und eine anoxytrope Glucose-Dehy- 
drase. Diese Ergebnisse waren: 

a) Es gibt kein konstantes Verhaltnis zwischen Qo, und Rediiktionszeit von Dichlor- 
phenol, b) es wurde gefunden, dass das Og-reduziorende Enzyme thermostabiler ist als das 
Dichlorphenol-reduzierende, c) es gibt einen Untorschied im Verhaltnis der sog. Glucoseoxydase 
gegeniiber d-Xylose, wenn Og und wenn Dichlorphenol x\cceptor ist, und d) eine zwar kleine 
Differenz in ph-Optimum, wenn O 2 und wenn Dichlorphenol Acceptor ist. 


*) Im folgenden als Dichlorphenol bezeichnet. 
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TABELLE I. 

Vergleioh der Beduktion von O 2 und von 2,6-Diohlorphenol-indophenol mit Glucose als Donator 
durch gefftllte + dialysierte Praparate von A,n. Versuche mit Oji 5 — 12 mg Enzym -f 2 com 0,25 mol. 
Glucose. Versuche mit 2,6-Dichlorphenol-indophenol: In jedem TnuNBERa-Bohr 0,2 ccm Enzym- 
loBung (2 Oder 3 mg Enzjrm), 0,2 com n/900 2,6-Dichlorphenol-indophenol, 0,2 ccm Citrat- oder 
Phosphatpuffer und entweder 0,4 ccm Citrat- oder Phosphatpuffer oder 0,4 ccm 0,626 mol. Glucose 
in Citrat- oder Phosphatpuffer. Gesamtgehalt pro Bohr 1 ccm mit einer Donatorkonz. von 0,25 mol 
und einer Aoceptorkonz. von n/4500. Temp. 26®. 



ph 

mg 

Enzym 

Qo, 

Entfarbungszeit von 2,6-Di- 
ohlorphenol-indophenol (Minuten) 

mit Glucose 

ohne Glucose 

1) A.n 206 -f 207 nicht dialys. 

5,7 

2 

22,5 

24 

180 

2) A.n 206 + 207 dialys. . . 


2 

63,5 

25 


3) A.n. 207 redialys 


2 

93,7 

11 


4) A.n. 208 nicht dialys. . . 

ft 

2 

6,8 

92 

> 300 



4 


31 

86 

6) A.n. 208 dialys. I . . . . 


2 

44,2 

49 

> 300 

6) A.n. 209 unbehandelt . . 


2 

21,8 

55 

ca. 250 

7) A.n. 209 nach 3 Tage Stehen 






bei 0® 


2 

19,2 

41 

> 300 

8) A.n. 209 dialys 

»> 

2 

50,9 

28 

> 300 


tt 

4 


13 

ca. 180 

9) A.n. 202 dialys 

6,8 

3 

123,1 

41 

> 300 

10) A.n. 206 4- 207 dialys. . . 

ft 

3 

34,0 

60 

> 300 

11) A.n. 208 dialys 

tt 

3 

32,3 

29 

> 300 


a) Das Verbal tnis zwischen Beduktion von Og und 2,6-Diohlorphenol-indo- 
phenol ist aus Tabelle I zu ersehen. Es geht hieraus hervor, dass starke Beduktion von O 2 , 
grosser Qo,, nicht mit einem grossen Beduktionsvermogen gegentiber Dichlorphenol verbunden 
ist und umgekehrt. Z.B. hat das Praparat „A.n. 208 dialysierf ein Qo, von ^,2 und reduziert 
Dichlorphenol in 49 Minuten, wahrend das Praparat „A.n. 206 + 207 nicht dialysiert'* einen 
Qo, von 22,5 hat, wahrend dasselbe Praparat Dichlorphenol in 24 Minuten reduziert. Das Ver- 
mogen zur Beduktion von O 2 und Dichlorphenol wurde durch Wiederauflosen, Stehenlassen bei 
0° und wiederholte Fallung mit Alkohol : Aether nicht wesentlich verandert (Tabelle I und 
Prap. A.n, 209). 

b) Die sog. Glucoseoxydase ist zieinlich thermostabil. Nach Muller wird eine Losung von 
Glucoseoxydase erst zur Halfte destruiert nach Erwarmung in Wasserstoffatmosphare auf 78®in 
80 Minuten. Es wurde darum untersucht, ob die 02*reduzierende und die Dichlor-phenol-reduzie- 
rende Fahigkeit durch Erwarmen in Wasserstoff im selben Masse beeintrachtigt werden, und 
zwar wie folgt: 

6 ccm 2 % Losung in m/16 Citrat ph 6,6 von Alkohol : Aether gefalltes Praparat aus A.n. wird 
in einem THUNSERO-Bohr evacuiert, gleich nachher wird das Bohr mit reinem H 2 gefiiJlt, wieder eva- 
cuiert, u.s.w. mindestens 6 Mai. Das wasserstoffgefiillte THUNBERO-Bohr mit der Enzymlosung wird 
dann 30 Minuten in Wasserbad bei 60® erwarmt, nachher schnell abgekUhlt und die EnzymlOsung ent- 
weder mit dem Proteinkoagel oder nach Abcentrifugieren des Proteinkoagels fiir Versuche verwendet. 

Die Versuche sind in Tabelle II zusammengestellt. Hieraus geht hervor, dass die F6.higkeit 
zur Beduktion von 2,6-Dichlorphenol-indophenol in Gegenwart von Glucose sehr stark beein- 
trachtigt ist, d.h. die Glucosedehydrase ist zum grdssten Tail vernichtet. Dagegen ist die Fkhig- 
keit zur Beduktion von Oj nur auf 94 % bis 67 % zurtickgegangen. Es wSre sehr interessant, 
diese Erwarmungsversuche auch mit hochgereinigten Prkparaten, wie denen von Franks u. 
Deffner auszuftihren, Versuche, die beabsichtigt sind. Bis dahin scheint die nattirlichste 
Erklarung der Erwarmungsversuche die zu sein, dass die Praparate der sog. Glucoseoxydase aus 
A.n. zwei Enzyme von verschiedener Thermotoleranz enthalten. 
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TABELLE II. 

Fiir jeden Versuch: 120 mg Enzympraparat + 6 ccm m/15 Citrat-NaOH ph 5,6 wurde aufgeriihrt 
und 30 Min. in einem wasserstoffgefUllten TnuNBERO-Rohr auf 60® erwarmt. Nach Abkuhlung wurde 
die Enzymlosung entweder mit dem feinflockigen Koagulum oder naoh Centrifugieren verwendet. 
Fiir die Versuohe mit Sauerstoff als Acceptor wurde 2 ccm Enzymlosung mit 4,6 ccm Citrat-NaOH 
ph 5,6 verdunnt und 2 ccm mit 12,12 mg Enzym und 0,09 g Glucose, Donatorkonz. 0,25 mol, fiir Ver- 
suohe in Krooh’s Mikrorespirationsapparat verwendet. Fur die Versuche mit 2,6-Dichlorphenol-indo- 
phenol wurde die Enzymlosung nach Erwarmen entweder ohne oder nach Verdiinnung verwendet. In 
jedem THUNBEBO-Rohr; 0,2 ccm Enzjnnlosung (4 mg Enzym wenn unverdiinnt, 2 mg Enzym wenn 
verdiinnt) 0,2 ccm 2,6-Dichlorphenol-indophenol n/900, 0,2 ccm Citrat-NaOH ph 5,6 und entweder 
0,4 com Citrat-NaOH ph 5,6 oder 0,4 ccm 0,625 mol. Glucose in Citrat-NaOH ph 5,6. Gesamtgehalt 
pro Rohr 1 ccm mit einer Donatorkonz. von 0,25 mol. und einer Acceptorkonz. von n/4500. 

Die Versuche olme Erwamiung wurden sonst in derselben Weise angestellt. Versuchstemp. 25®. 
ph naoh Versuch gemessen 5,6 — 5,8. 



mg 

Enzym. 

Qo. 

Entfarbungszeit von 2,(>-Di(}hlor- 
phenol-indophenol. (Miiiuten) 

mit Glucose 

olme Glucose 

A.n, 206 -f* 207 undialy- 

Ohne Erwarm. 


22,5 

24 

180 

siert. Nach Erwarmung 




12 

80 

nicht centrifugiert . . 

Nach „ 


21,1 

no 

135 

A.n. 208 dialys. II. Nach 

Ohne ,, 

2 

32,4 

50 

> 250 

Erwarmung nicht cen- 






trifugiert 

Nach „ 

4 

24,1 

91 

150 

A,n. 209 undialysiert. 

Ohne „ 

2 

19,2 

41 

> 300 

Nach Erwarmung cen- 






trifugiert 

Naoh „ 

2 

16,2 

189 

> 300 



4 


89 

196 

A.n. 209 dialys. Nach Er- 

Ohne „ 

2 

50,9 

28 

> 300 

warmung centrifugiert . 


4 


13 

180 


Nach „ 

2 

36.7 

95 

> 300 



4 


43 

> 300 

A.n. 210 undialysiert. 

Ohne „ 

2 

21,9 

54 

> 300 

Naoh Erwarmung cen- 






trifugiert 

Nach „ 

2 

14,6 

240 

> 300 



4 


119 

145 


TABELLE III. 

Das Verhalten der sog. Glucoseoxydase gegemiber verschiedenen Donatoreu und entweder O 
Oder 2,6-Dichlorphenol-indophenol als Acceptoren. Die TnuNBERO-Rohre waren wie fiir die Versuohe 
in Tabelle I gefiillt, Gesamtgehalt pro Rohr 1 ccm mit einer Acceptorkonz. von n/4500 und einem 
Enzymgehalt von 2 oder 8 mg Temp. 25®. In Versuch 1 und 2 war ph 6,8, in Versuch 3 ph 5,7. 


1) A.n. 202, ph 6,8, nicht dialysiert. 


Donator 

Qrt -j- Ofv (qo = 2,3) in Donatorlosung von 
• * " Molaritat: 

der 

1,0 

0,50 



0,05 

0,025 

0,0125 

Glucose 


1 

24,1 

24.0 

20,4 

16,8 

12,2 

6,9 

Galactose 

13,9 

8,8 

3,« 

0,8 




Mannose 


2.3 

(0.2) 

i 


1 

1 



Das Verh&ltnis zwisohen Qo. -r QO, in Glucose : Galactose : Mannose == 1 : 0,37 : 0,1 (Donator- 
konz. 0,6 mol). 
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TABBLLB III (Forts.). 

2) A,n. 202, ph 6,8, dialysiert. 


1 

Donator 

Qo. 

“T Qo == in Donatorldsung von der 

* * Molaritat: 


0,50 

1 0,26 

0.1 

0,05 

0,025 

0,0126 

Glucose 

Galactose 

Mannose 

Xylose 

122,0 

66,6 

15,0 

i 

106,8 

81,9 

67,4 

88,2 


Das Verhaltnis zwischen Qq ~ qo in Glucose: Galactose: Mannose « 1:0.17:0.04 (Donator- 
konz. 0,25 mol.). * * 



Entfarbungszeit in Min. von 2,6-Diohlorphenol-indo- 
phenol, 8 ing Enzym A.n. 202, dialysiert, (Spontanent- 

Donator 

farbungszeit 460 Min.) in Donatorldsung von der 
Molaritat : 


0,25 mol. 

0,05 mol. 

Glucose 

41' 

56' 

Galactose 

107' 

186' 

Mannose 

136' 

173' 

Xylose 

1-Arabinose 

94' 

460' 

120' 


8) A.n. 207, ph 6,7, redialysiert . 


Donator 

Qq -r qQ (qQ = 1,1) in Donatorldsung von der 
* * * Molaritat; 

0,25 mol. 

0,0125 mol. 

Glucose 

92,6 

25,7 

Galactose 

16,1 


Xylose 

2,8 



1 Bntfarbungszeit von 2,6-Diclilorphenol-indophenol, 


2 mg Enzym, Spontanentfarbungszeit > 800 Manuten, 

Donator 

in Donatorldsung von der Molaritat 


0,25 

0,0125 

Glucose 

11' 

31' 

Galactose 

46' 


Xylose 

86' 



c) Das Verhaltnis der sog. Glucoseoxydase gegeniiber verschiedenen Do- 
natoren und Og oder 2,6-Dichlorphenol-indophenol als Acceptor. Wie Tabelle III 
zeigt ist Glucose der beste Donator fur die sog. Glucoseoxydase. Mit Og als Acceptor war das Ver- 
haltnis zwischen Og- Absorption in 0,25 mol. Glucose, Galactose und Mannose wie 1:0,17:0,04. 
Dagegen war die Og- Absorption in Gegenwart von d-Xylose, wie auch schon fruher gefunden 
(Mulleb 1929), Null oder beinahe Null. Um so merkwiirdiger ist es, dass, wenn 2,6-Dichlor- 
pbenohindopbenol als Acceptor verwendet wird, die Donatoren sich nacb der Beibenfolge Glu- 
cose ■> Xylose >- Galactose >► Mannose ordnen lassen, Nachst Glucose ist somit Xylose der 
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beste Donator. Bei der sehr kleinen Mehrabsorption von Og in Gregenwart von Xylose und bei der 
Beinheit des Praparates ist es ausgeschlossen, dass dieser Donator-effekt aus Verunreinigiing der 
Xylose mit Glucose herriibrt. Entweder enthalton die Praparate der sog. Glucoseoxydase eine 
anoxytrope Xylose-dehydrase, oder die sog. Glucoseoxydase vermag nur Og als Acceptor zu 
verwenden, wenn Glucose, Galactose und Mannose Donatoren sind, nicht aber wenn Xylose 
Donator ist. Endlich ergibt sich als dritto Moglichkeit die, dass die sog. Glucoseoxydase zwoi En- 
zyme enthalt: Eine Glucoseoxhydrase, die mit Ogals Acceptor Glucose > Galactose > Mannose 
dehydriert, abor nicht Xylose, und eine anoxytrope Glucose-dohydrase, die Glucose > Xylose > 
Galactose > Mannose dehydriert. Wie die Versuche in Abschnitt a und b zeigen, lassen sich die 
verschiedenen Befunde am bosten durch die lotztere Hypo these erklaron. Ob die von Ber- 
trand und von Hayasida ^5) gefundene Oxydation von d-Xylose zu Xylonsaure und Z-Ara- 
binose zu Arabonsaure durch Acetobacter und Fusarium Uni durch eine „Fentose-AerodehydrasG\ 
wie Hayasida im Falle Fusarium meint, vermittelt wird oder durch eine Glucosodehydraso, be- 
darf erneuter Untersuchung. Z-Arabinose ist nicht Donator fur die anoxytrope Glucose-dehydrase 
aus Am, 

d. ph-Abhangigkeit. Wahrend die Glucoseoxhydrase ein ph-Optimum zwischen 5 — 6 
(Muller l)) bis 5 — 5,5 (Frankb u. Lorenz 5)) aufzeigt, hat die anoxytrope Glucose-dehydrase 
aus Am, ein ph-Optimum zwischen 4 und 4,5 mit 2,6-Dichlorphonol-indophenol als Acceptor 
(Tabelle IV). Der Ilnterschied im ph-Optimum der Glucoseoxhydrase und der Glucose-dehydrase 
ist indessen nur klein. Dagegon hat die Glucose-dehydrase von A.o, nach Ogura^) ein ph-Opti- 
mum bei 7,8. 


TABlilLLE IV. 

ph Abhangigkeit der Glucose- Anaerodehydrase .4. n. In jedem TiruNBERG-Rohr 0,2 ccm Enzym- 
losimg (2 mg Enzym A,n. 207 u. 3 mg Enzym A.n. 209), 0,2 ccrn 2,6-Dichlorpheiiol-indoph('iiol n/90() 
in dest. Wasser und entweder 0,6 com Pufferlosung (Citrat- oder Phosphatlosung nach Sorensen) oder 
0,2 com Pufferlosung -j- 0,4 ccrn 0,625 mol. Donatorlosung in Pufferlosung. (josarntgehalt pro Rohr 
1 com mit einer Donatorkonzentration von 0,25 mol. Temp. 25®. ph gleich nach Entfarbung gemessen. 


Eiictarbungszeil m Miimieii 
(SpontanentfarbungHzeit >► 300 Minuten) 


Prap. A.n. 207, dialysiert 

ph: 1 


5,80 

6,88 

Glucose 

Xylose 

2.5 

144 

i 

22 1 
52 

26 

79 

55 

180 


ph: 

1 a.K? ! 

! 4,10 

4,48 

4,73 ! 

4,90 

5,38 

Prap. A.n. 209 

Glucose 

21 

17 

19 

20 

22 

23 


Xylose 

78 

59 

68 i 

62 

66 

70 


4. Die anoxytrope Glucose-dehydrase aus Aspergillus oryzae, Leidergelang es nicht, in Pressaften 
aus A,o. die von Ogura 3) nachgewiesene Glucose- Anaerodehydras ^ zu finden, weder wenn der Pilz 
genau nach den Vorschriften Ogura’s noch wenn or nach den Methoden, die fiir A,n. zur Anwendung 
kamen, behandelt wurde. Die Versuche in TnuNBERG-Rohren wurden mit 2,6-Dichlorphenol-indo- 
phenol als Acceptor und Glucose als Donator ausgefuhrt, aber die Reduktionszeit rnit und ohne Do- 
nator war genau dieselbe. Vielleicht ist der Unterschied zwischen diesen Befunden und denen von 
Ogura in Rassenunterschieden zu suchen. 

5. Dte Glacosedehydrase aus SSiUgetierleber. Wie die Versuche in Tabelle V zeigen, dehy- 
driert Glucosedehydrase aus Ochsenleber mit Mothylenblau als Acceptor d-Glucose > <i-Xylose 
> d-Galactose, aber nicht d-Mannose und Z-Arabinose, jedenfalls sind die letztgenannton beiden 
Kohlehydrate nur in so hohen Konz., und dann nur schlecht, als Donatoren wirksam, dass die 
Donatorwirkung auf Unreinheiten beruhen diirfte. Die Glucosedehydrase aus Saugetierleber 
dehydriert somit dieselben Kohlenhydrate wie die Glucosedehydrasen aus A,n, und A,o,, mit 
Ausnahme der Mannose, die wahrscheinlich ftir die letztgenannten beiden Dehydrasen Donator 
ist. 
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TABELLE V. 

Glucosedehydrase aus Ochsenleber. 

Enz ymloBung: 100 mg Trockenpraparat aus Ochsenleber naoh Harrison, 6 g Acetonleber ent- 
sprechend, in 10 com m/15 Phosphatpuffer ph 7,6 aufgeruhrt. In jedem THUNBBRO-Rohr: 0,2 ocm 
Bnzymldsxmg (2 mg Enzymtrockensubstanz, 120 mg Acetonleber entsprechend), 0,2 ccm Methylen- 
blau 1:6000, 0,2 ccm 0,1 % Cozymase in m/16 Phosphatpuffer ph 7,6 und entweder 0,4 ccm m/16 
Phosphatpuffer ph 7,6 oder 0,4 com Donatorldsung in m/16 Phosphatpuffer ph 7,6, insgesamt 1 ccm 
in jedem TnuNBERO-Rohr. ph nach Versuch 7,6. Temp. 26®. Entfarbungszeit ohne Donator, Spon- 
tanentfarbungszeit, 66 — 68 Min. In der Tabelle sind die Entfarbungszeiten auf Spontanentfarbungs- 
zeit =100 Min. umgerechnet. 


Gesamtkonz. des 


Entfarbungszeit in Min., wenn die Spontanentfdrbungszeit 
gleich 100 Min. 


Donators 

d-Glucose 

d-Galactose 

d-Mannose 

d-Xylose 

I-Arabinose 

0,0126 m 

26 



37 

97 

0,025 m 

20 

62 

— 

29 

97 

bliiiliMill— — — 

18 


— 

26 

— 

0,26 m 

15 

27 


24 

91 

0,50 m 


— 

83 

— 



6. DieHexosen ids C-Qaelle fiir A.n. Horr und Stkinberg i^) haben gefunden, dass 
die Trockensiibstanzproduktion von A.n, niit Hexosen als C- Quelle am grossten ist mit Glucose 
und Mannose und sehr klein mit Galactose. Da indessen das Oxydationsvermogen der sog. Glti- 
coseoxydase den drei Hexosen gegeniiber sich ungefahr wie Glucose 1: Galactose 0,17: Mannose 
0,04 verhalt, ware es von Interesse zu sehon, ob auch die Rasse von A,n,, die zu den Enzym- 
praparationeii vorwendet wurde, mit Mamiose besser als mit Galactose gedeiht. 

TABELLE VI. 

AspergiUtis niger. Wachstum auf versohiedenen Zuckerarten. Temp. 31®. Kultiviert auf 100 g 
Substrat in 300 cc ERLBNMEYBRkolben, jeder Kolben mit 1 ccm einer Konidienaufschwemmung 
geimpft. Das Substrat enthielt in 1000 ccm 2 g Ca(N08),4H20, 0,25 g KHjPOi, 0,25 g MgS 04 7 H 2 O, 
0,26 g KCl, 0,01 g FeCls, 0,6 g Oitronensaure und 1 ccm Hoaglands A — Z-Losung. Vor den Analysen 
wurden die Kolben auf Anfangsgewicht mit dest. Wasser versetzt. Zuckorbestimmimgen nach 
Bertrand. 



d-Galactos0 

d-Mannose 

d-Glucose 

g Zucker pro 100 g .... 

am Anfang . 


1,96 

3.97 

2,05 

3,97 

1,94 

3,86 

nach Wachstum in 70 81. 

1,87 

3,89 

1,16 

2,92 

0,71 

2,28 


99 ff 

..120 

1,77 

3,70 

0,37 

1,66 


1,15 



..170 „ 

1,66 

3,69 

0,07 

0,74 


0,89 

ph (am Anfang 4,5) ... 

nach Wachstum in 70 St . 

5,4 

6,1 

6,3 

4.5 

5,6 

3,9 

ff tf 

..120 „ 

6.4 

6,6 

2.7 

2.4 

3.1 

3,1 

i 

ft it 

..170 „ 

6.7 

6,9 

3,0 

2.4 

3,8 

3.1 

ccm nNaOH pro 100 g zur 

nach Wachstum in 70 St. 

0,27 

0,16 

0,12. 

0,60 

0,23 

1,11 

Neutralisation, (am An- 

it ft 

..120 „ 

0,18 

0,12 

0,75 

1,76 

0,66 

1,65 

fang 0,63 ccm) .... 

it it 

..170 „ 

0,08 

0,05 

0,87 

1,21 

0,18 

0,95 

g Pilz-Trockensubstanz 

nach Wachstum in 70 St. 

0,065 

0,120 

0,449 

0,478 

0,685 

0,625 

it it 

..120 .. 

innmi 


0,816 

0,960 

0,854 

0,881 


it it 

..170 „ 

0,115 


0,797 

1,068 

0,836 

1,054 

g Pilz-Trockensubstanz . 

nach Wachstum in 70 St. 

— 

— 

0,60 

0,46 

0,48 

0,40 

g Zucker verbraucht 

it ft 

,.120 

0,37 

0,87 

0,49 

0,41 

0,49 

0,83 
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Die Versuche in Tabelle VI zeigen Ubereinstimmung mit den Befunden von Hour und Stein- 
berg liber den Nahrwert der dreiHexosen, d.h. das Oxydationsvermogen der sog. Glucoseoxydase 
den drei Hexosen gegeniiber kann nicht allein fur den Nahrwert bestimmend soin. Von Interesse 
ist auch die grosse Saureproduktion auf Mannose. Leider ist die Saure noch nicht isoliert worden. 
Angbletti und Cerutti f®) haben eine Produktion von Mannonsaure auf Mannose durch Peni- 
ciUium purpurogenum gefunden, abor in den Versuchen mit Enzympraparaten von A .n. wurde 
Mannose erst in 0,25 — 0,6 mol. Losung merkbar oxydiert, wahrend in den Knlturversuchen die 
S&ureproduktion auf 0,11 — 0,22 mol. Mannose stattfand. 

Zusammentassung. 

1) Die sog. Glucoseoxydase aus A,n- dehydriert mit O 2 als Acceptor Glucose > Ga- 
lactose > Mannose, aber nicht Xylose, mit 2,6-Dichlorphenol-indophenol als Acceptor 
dagegen Glucose > Xylose > Galactose > Mannose. 

2) Durch Erwarmung (60° in 30 Minuten) einer Losung der sog. Glucoseoxydase in 
Wasserstoff wird die Pahigkeit zur Reduktion von O 2 in Gegenwart von Glucose auf 
94 — 67 % herabgesetzt, aber die Pahigkeit zur Reduktion von 2,6-Dichlorphenol-indo- 
phenol wurde bei weitem mehr beeintrachtigt. 

3) Aus dem Verbal ten den verschiedenen Donatoren gegeniiber mit entweder Oj 
Oder 2,6-Dichlorphenol-indophenol als Acceptor und aus dem Verhalten gegenuber Er- 
warmung wurde geschlossen, dass die Praparate der sog. Glucoseoxydase zwei Enzyme 
enthalten, eine Glucose-oxhydrase, die mit O 2 als Acceptor Glucose > Galactose > 
Mannose, aber nicht Xylose, dehydriert und eine anoxytrope Glucose-dehydrase, 
die mit 2,6-Dichlorphenol-indophenol als Acceptor Glucose > Xylose > Galactose > 
Mannose dehydriert. 

4) Die Glucosedehydrase aus Ochsenleber dehydriert mit Methylenblau als Accep- 
tor Glucose > Xylose > Galactose, aber nicht Mannose. 

6) Die Glucosedehydrase, die von Ogura in A,o, gefunden wurde, liess sich in der 
hier vorhandenen Rasse nicht nachweisen, 

6) Die Trockensubstanzproduktion von Am, ist auf Glucose und Mannose beinahe 
dieselbe und weit grosser als auf Galactose. Der Nahrwert der Hexosen wird somit nicht 
allein durch das Oxydationsvermogen der Glucose-oxhydrase und Glucose-dehydrase be- 
stimmt. 

1) D. Muller, Bioch. Zs. 199, 136 (1928); 206, 111 (1929); Ergebn. d. Enzymforsch. 6, 269 (1936). — 
2) D. Harrison, Biochem. Jl. 26, 1016 (1931); 27, 382 (1933). — 3) Y. Ogura, Acta Phytochim. 11, 127 
(1989). 4) W. Franke, B. Banerjee, Bioch. Zs. 806, 57 (1940). — 5) W. Franke, F. Lorenz, Ann. 

Chem, (Liebig) 682, 1 (1937). — 6) W. Franke, M. Deffner, Ann. Chem. (Liebig) 641, 117 (1939). — 
7) D. Harrison, Ergebn. Enzymforsch. 4, 297 (1935). — 8) P. Ohlmeyer, Bioch. Zs. 287, 212 (1936). — 
9) E. Janisch, Cbl. Bakt. (II) 101, 120, (1939). — 10) S. Sorensen, Meddel. Carlsberg (Kobenhavn) 12, 
28 (1916). — 11) A. Krogh, in Abderhaldens Hdb. d. biochem. Arbeitsmethod. 8, 61 (1916). — 12) J. 
Tillmans, P. Hirsch, W. Hirsch, Zs. Unters. Lebensmittel 68, 1 (1932). — 13) C. Hudson, E. Yanovsky, 
Jl. Am. Chem. Soc. 89, 1013 (1917). — 14) G. Bertrand, Ann. de chim. phys. 8. Ser. 8, 181 (1904). — 
16) A. Hayasida, Bioch. Zs. 298, 169 (1939). — 16) W. Horr, Plant Physiol. 11, 81 (1936). — 17) K. 
Steinberg, Proc. Intern, Congr. Microbiol. (1939). — 18) A. Angelletti, C. Cerutti, Ann. di chim. 
applic. 20, 424 (1930). — 1 9) T. Thunberg in C. Oppenheimer, Die Fermente, 5. Aufl.. 8, 1 1 18 (1929). - 
20) N. Das, Zs. physiol. Chem. 288, 269 (1936). 
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Sur une relation entre Tinhibition de la glycolyse et 

Taction vdsicante 

PAR 

Z. M. BACQ 

(fjah. de Physiol, animale de VUniv. de Liige) 

Avec 1 figure. 

(20.1.41.) 


Des recherches entreprises dans le but d’61ucider le mode d'action des vesicants, 
suffocants et lacrymogenes utilises comme agents th6rapeutiques ou comme toxiques de 
guerre, nous ont conduit, mes collaborateurs et moi, k decouvrir inopinement une relation 
6troite entre Taction antiglycolytique et les effets tant locaux que generaux de ces corps. 

Le present article est destin6 k exposer aussi clairement que possible les etapes de 
cette decouverte et k montrer Tinteret que peuvent presenter ces faits nouveaux, tant on 
biochimie qu’en pharmacodynamie et en pathologie. 

I. Les vesicants, suffocants et lacrymogenes agissent sur le muscle strie de Grenouille 
comme les acides ac^tiques monohalogenes 2). Une observation fortuite, en novembre 
1939, me fit entre voir cette curieuse analogie d ’action. Par la suite, avec mes collaborateurs 
Gofpart et Angbnot, j’ai pu 6tablir la g4n6ralit6 du fait gr&ce k une nombreuse B^rie 
d’exp6riences. Je me contenterai de citer les plus suggestives d’entr’elles. 

L’ yperite (sulfure de dichlorethyle) possMe deux derives oxyd6s dontTun,la sulfone (ob le 
soufre est hexavalent), a conserve de notables propri6t6s v6sicantes, alors que Tautre, le sulfoxyde, 
ou le soufre est tetravalent, est inactif sur la peau et tr^s peu toxique. L 'yperite et sa sulfone 
font apparaitre, comme le monobromo- ou le monoiodoac6tate, un trao6 de contracture et d’in- 
excitabilit^ apr^s travail, trac6 caract^ristique et sp6cifique que nous avons propose d’appeler 
„e//et Lundsgaard 2a)’’ du nom de oelui qui fut le premier k le d6crire. Le sulfoxyde de Ty^rite, 
par centre, est sans action sur le muscle de Grenouille. Les traces obtenus avec des corps comme 
Tisosulfocyanate d’allyle (essence de moutarde), la clilorac6toph6none et le monoiodoao6tate sent 
superposables; le physiologiste le plus averti les confond. 

Tous les vesicants, suffocants et lacrymogenes ont, sans exception, donn6 un effet Lunds- 
GAARD plus ou moins typique et plus ou moins marqu6 selon Tintensite de leur action irritante 
locale. 

Notre experience porte sur la serie suivante: yperite, sulfone de Typerite, sulfocyanate 
d’allyle, hydrate de chloral, essence de terebenthine, poivre de Cayenne, cantharide, chloraceto- 
phenone, chloropicrine, bromopicrine, bromure de benzyle. Au contraire, des corps tr^s voisins 
de structure, mais inactifs comme vesicants ou lacrymogenes, ne donnent pas Teffet Lunds- 
gaard. Tels sont par exemple le thiodiglycol (resultat de Thydrolyse de Typerite), le sulfoxyde de 
Typerite, le m- et p-bromotoluene, Thexachlorethane etc. Le dichlorethane donne un leger effet 
Lundsgaard; nous reviendrons sur ce point. 

II. Dans la s£rie des acides ac^tiques monohalogenes, Tintensitd de Taction vdsicante 
est parallMe k celle de Taction antiglycolyt'que et de I’intensite des effets Lundsgaard 
qn’ils provoquent 2). j^ous avons etudie les temps et les concentrations necessaires pour 
que Teffet Lundsgaard apparaisse (voir fig. 1). Si Taction du derive iode est supposes egale k 
1 , celle du derive brome est k peu pres celle des derives chlores et fluores de Y400 ^ Veoo* 

Les traites de chimie signalent Taction vesicants rapide et profonde de Tacide monobrom- 
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ao6tique;un accident survonu a Tun d’entre nous ^ confirme le fait. Sur nous-m§mes, nous avons 
observ6 Taction v^sicante extraordinairement puissante de Tacide nionoiodoao6tique appliqu6 
en solution concentric pendant 5 minutes seulement sur la peau de Tavant bras. Les acides 
monochloro- et monofluoracitiques 


ont une action beaucoup plus faible, 
mais cependant nette. 

Si Ton compare ces effets a ceux 
de Typerite, on voit : 1°. que la sensation 
de cuisson suivie de rougeur est rapide 
(80 secondes) avec les acides acitiques 
monohaloginis, que la lesion caracteris- 
tique — les phlyctines confluant en 
bulle — apparait dis la deuxiime 
heure, alors que, dans le cas de Type- 
rite, la rougeur est tardive et les phlyc- 
tines n’apparaissent que vers la dixi- 
ime heure; 2°. que Tivolution des 
lisions produites par Tacide monoiodo- 
acetique est identique k celle des 
brulures par Typerite: bulle, escharre 
cartonni, ilimination de T escharre, 
ipidermisation lente. De plus, fait 
typique des vieilles lesions par Typeri- 
te, il reste, k Tendroit ou fut applique 
Tacide acitique monohalogine, une 
tache pigmentee persistante. Pour 
citer un fait pricis, je conserve sur 
Tavant bras une tache pigmentee pour 
avoir, il y a huit mois, expirimente les 
effets de Tacide fluoracitique. 



La meme sirie 1 > Br > Cl so 


retrouve quand on considire les effets 
des esters ithyliques de cos acides 
acitiques monohalogenis. Le tuoiio- 
chloracitate d’ithyle est tris pen 
lacrymogine, alors que le monoiodo- 
acitate d’ithyle est bien comiu comme 
un des lacrymogenes les plus puis- 
sants, k peu pris deux fois plus aotif 
que le dirivi brome. 


l’"ig. I . Ac- lion de« t roin acifles acitiques monohaloginis 
(neutralisis) sur le rectus de Grenouille exciti au potas- 
sium. En absv-isses, duree de rinloxication; en or- 
donnies, concentration en ichelle logarithmique. 
A gauche de chaque courbe, risultats nigatifs. A droite, 
risultats positifs. La courbe passe done par le seuil do Teffet 
Lundsgaard. Points noirs et oroix pleines: monoiodo- 
acitate, I. Cercles interrompus et croix de St. ANDRi: 
monobroina(;itate, Br. Cercles et croix blanches: 
inonochloracitate. Cl. 


in. Les visicants, lacrymogenes et suffocants sont des inhibiteurs de la fermentation 
lactique (2» 3). Les vesicants et lacrymogenes puissants (chloracetophenone, chloropicrine, 
isosulfocyanate d’allyle etc.) inhibent cette fermentation concentration faible; les vesicants 
faibles, dont Thydrate de cbdoral est le type, n’inbibent qu’e concentration forte. 

La technique que nous avons utilisee au mieux de nos moyeiis materiols 6tait la suivante: 
Deux lots de 3 g environ de muscles des pattes posterieures d’une mfime grenouille (J?. temporaria) 
sont finement broy6s au mortier aveo un peu de sable lav6 et quelquos co d’eau. On transvase dans des 
ballons jaug6s de 200 cc contenant 20 cc de tampon de phosphates M/5 a ph 7,t>; on compile au vo- 
lume aveo une solution de glucose 6. 1%. Dans Tun des ballons, on ajoute le vesicant k la concen- 
tration voulue. Si ce vesicant est peu soluble, il est pr^alablement dissout. dans la solution de glucose. 
L’autre ballon ofl la fermentation peut se poursuivre nonnalerneni, sert de t4moin. On met a T6tuve 
k 30°. Aucun effort ne fut fait en vue de conserver ces solutions a Tabri des infections, 6tant donne 
que les acides ao^tiques monohalog^n^s bloquent toute glycolyse, qu’elle soil rnusculaire, bact6rieime, 

Bnzymologla. Vol. X, 1. 
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ou qu’elle ait son origine dans les ferments des levures. Nous avons v6rifi4 oe fait avec notre technique. 

Les dosages d’acide lactique sent effectu6s en double sur des prises de 50 co faites avant la fer- 
mentation, aprds 24 heures et aprds 48 heures. 

On piAcipite les prot4ines au nitrate mercurique; on neutralise et on filtre. On proo^de ensuite k 
la d4f6cation des hydrates de carbone par la chaux et le sulfate de cuivre. 

Le dosage de Tacide lactique se fait par la m^thode de PUkth-Clausen modifies par Friedmann 
et Grabber 4 ) : oxydation lente k chaud au moyen de bioxyde de mangimdse colloidal, en presence 
d’un catalyseur const! tu4 par \m melange de MnS04 et PO4H8; absorption de 1 ’aldehyde ac4tique 
form6e, par une solution de bisulfite de soude, oxydation de Texc^s de bisulfite par I’iode et finalement 
dosage par iodom6trie du bisulfite Iib4r4 de sa combinaison ald^hydique. Nous avons v4rifi6 la m4- 
thode sur des solutions pures d’acide lactique de titres connus. Les resultats concordent ^ 1 % pr4s 
sur des quantit6s de Tordre du mgr. 

Aveo la technique d6crite ci-dessus, on arrive k obtenir dans les t6moins une concentration 
de 40 110 mgr % d’acide lactique apr^s 48 heures. 

Le Tableau 1 resume nos r4sultats; nous avons calculd Tinhibition en % par rapport aux 
t^moins; le lecteur trouvera nos chiffres d^tailles dans le m4moire de Bacq, Goffart et Anoenot 2). 


TABLEAU I. 

Inhibition d’une fermentation lactique par divers vesicants et toxiques de guerre. 


Substance 

Conoenttation 

% 

% Inhibition 
apres 24 h. 

% Inhibition 
apres 48 h. 

Observations 

Sulfone de 

0.05 

100 

100 

vesicant 

ryp6rite 

0.001 

75 

16 


Sulfoxyde de 
r3rperite 

0.05 

0 

0 

Non vesicant 

Hydrate de 

0.5 

100 

100 

vesicant tres 

chloral 

0.05 

0 

0 

faible 

Chloropicrine 



100 

Lacrymogdne et 




100 

suffocant 


0.005 

■EBi 

40 


Chloraceto- 

0.025 

100 

100 

Lacrymogene et tres 

ph6none 

0.005 

75 

82 

irritant k la peau 


0.0025 

90 

0 


Isosulfocya- 

■KfISHHi 

100 


vesicant 

nate d’allyle 


100 




100 




0.0025 

0 

0 


Bromure de 

3/4 sat. 

46 

0 

Lacrymogene 

benzyle 

sat. 

100 

100 

Thiodiglycol 

0.5 

0 

0 

Non toxique 

Dichlorethane 




Effet Lundsqaard -f 

symetrique 

sat. 

100 

56 

. N6crosant en injection 
dans la peau 


Nos essais faits en vue de d^montrer une 6ventuelle inhibition de la glycolyse par Tessence de 
t6r4ben thine et une maceration de poudre de cantharide ont echoue,* mais diverses causes d’erreiu: 
que nous n'avons pas eu le loisir d*eiucider rendent ces essais sans valeur. 

La technique decrite ci-dessus n’est pas irr6prochable. Nous op^rons en milieu pratiquement, 
mais non strictement anaerobie; d’autre part, nous avons frequemment observe quA la suite de ces 
longues fermentations, le tampon etait force, le ph devenant nettement acide. De plus, nous n’avons 
pris auoune precaution d*asepsie. C’est pourquoi J. Thomas (observations inedites), k notre demands, 
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a refait line s6rie d’exp6rience de courte dur6e (une heure) en prenant oomme substrat du glyoog^ne, 
oomme source d’enzyme du muscle de pigeon broy6, et en travaillant en milieu f ortement tamponn6 
4 40® en condition ana6robie stricte. II a pu observer dans ces conditions une inhibition totale par 
I’yp^rite et une inhibition moins marquee, mais cependant tr^s nette, par la sulfone de I’yp^rite. 

IV. Les T^sicants^ suffocants et lacrymogi^nes attaquent les groupes sulfhydriles 
libres des prot^ines et du glutathion. On sait par les travaux de nombreux auteurs (voir notam- 
ment Dickens®) et Rapkine®)) que les acides ac^iiques monohalog6n6s font disparaitre les 
groupes sulihydriles libres des proteines, du glutathion et de la cysteine sans que le m^canisme 
de cette action et la nature exacte des produits qui en resultent aient ete pleinement 61ucid6s. 

Deux techniques ont et4 mises en jeu pour voir si, k ce point de vue 6galement, Taction des 
toxiques de guerre et autres vesicants est identique ^ colle des acides ac6tiques monohalogdn^s: 
une technique histochimique et une technique chimique. A vrai dire, Tidee de Toxydation des 
groupes — SH avec passage ^ la forme disulfure S — S a dej^t M mise en avant par Ray, Guha et 
Das et par Nekrassow et Melnitow ®) en ce qui ooncerne la chloropicrine. Walker 
declare que Tisosulfocyanate d’allyle fait disparaitre la reaction coloree des — SH, mais sans for- 
mation de S — S; il se ferait un compost d’addition du type R — S — R'. Ces auteurs, h&tons nous 
de le dire, ne songent pas k faire de ce processus une loi g6n4rale de la vesication ni ne prevoient 
le r61e que joue cette oxydation dans le metabolisme de la cellule. 

a) Technique histochimique, mise en oeuvre par Gopfart *). 

Les essais de Gofpart ont ete faits sur la peau du Cobaye. On colore les coupes k congelation 
de 60 e. 90 ft par le nitroprussiate de sodium k 7% pend int 3 minutes, apres mordan^age k 
Tacetate de zinc pendant 10 secondes, selon la technique mise au point par Giroud et Bulliard. 
La basale et la couche spinocellulaire de lepithelium ainsi que la gaine epitheiiale externe du poil 
se colorent en rose; le bulbe pileux prend une teinte rouge- violet et le muscle peaucier un beau 
ton rouge vif. Les teintes sont plus nettes si le fragment de peau est preleve dans une zone non 
pigment4e. II s’agit de groupes — SH li4s aux proteines et non solubles dans Teau. Ils persistent au 
moins 72 heures apr^s la mort. Cinq k dix coupes sont 6tal6es sur deux lames; Tune est conserv4e 
dans Teau comrne t^moin; Tautre lame est recouverte du toxique. Les comparaisons microsco- 
piques au faible grossissement se font presqu’en meme temps. Toutes les experiences sont faites 
k la temperature du laboratoire (16 k 19*^). 

L’yperite, Tacide monoiodoacetique, Tisosulfocyanate d'allyle, la chloropicrine et la chlor- 
acetophenone font disparaitre des coupes la coloration specif ique dos groupes — SH. La chloropi- 
crine est la plus active: les coupes couvertes d’eau en atmosphere saturee de chloropicrine per- 
dent toute coloration en 15 minutes; „a fortiori' si la chloropicrine pure recouvre toute la prepa- 
ration. La chloracdtophenone (en solution a 0,1 %) fait disparaitre les groupes — SH de Tepiderme 
et du poil apr6s un contact de 80 k 60 minutes; le muscle peaucier reste bien colore. L’essence de 
moutarde pure et en solution a 0,1 % exerce une action semblable a celle de la chloracetophe- 
none. L’acide monoiodoacetique en solution concentree oxyde las groupes sulfhydriles de Tepi- 
derme en respectant le poil et le muscle peaucier si la duree d’action n’excMe pas 30 minutes; en 
solution 0,1 % la disparition des groupes — SH n’est totale qu’apres 120 k 180 minutes. 

L’yperite agit plus lentemeiit, ce qui est conforme aux observations cliniques et physiolo- 
giques. D^posee pure sur les coupes, tdle ne fait disparaitre les groupes — SH qu’a la 80^me 
minute environ dans Tepiderme et les poils, qu’a la 5eme henre dans le peaucier. 

Gopfart a 6galement observ6 que si on preleve un fragment de peau apr^s application du 
toxique „m sur Tepiderme, le meme ph6nom^ne se reproduit. La conjonctive bulbaire et 
palp^brale est trfes riche en groupes sulfhydriles qui ne sont proteges que par une mince pellicule 
exempte de ces — SH. Ce fait permet d’expliquer, selon notre th^orie, Textreme aggressivitd de 
ces toxiques pour Toeil. La muqueuse bronchique 6galement contient des groupes — SH colora- 
bles au nitroprussiate. 

b) Technique chimique: J. Thomas (observations inedites) a dos6 les groupes — SH 
libres d’une solution de glutathion en presence d’yp^rite, de sa sulfone et de son sulfoxyde. Ces 


’*') Acta biologica belgica, sous presse. 

4 * 
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groupes disparaissent rapidement en presence d’yp^rite, moins rapidement en presence de sul- 
fone tandis que le sulfoxyde est tr6s peu actif. 

Observation oapitale: apr^s avoir r^agi avec ies groupes — SH du glutathion, la sulfone de 
I’yp^rite n’inhibe plus la glycolyse; le vesicant est inactive. Autrement dit, cette reaction avec 
les groupes -SH constituerait h la fois le mode d’action et le mode d’inactivatiou 
des vesicants. 

Les travaux de Dickens et Eapkine rendent infiniment probable la reaction suivante, 
analogue k celle du monoiodoac^tate 


B — 8H , 
B — SH 



yperite 


B - S - HgC - CHjjV . 
B . S - HaC . CHa^ ^ 
corps inactif 


oil B repr^sente la moMcule prot^ique et — SH le radical — SH li6 k cette molecule. 


V. Observations de Massart et Peeters sur les levures *). A ma demands, E. L. 
Mass ART a fait, en collaboration avec Peeters, une s^rie d ’observations dont les conclusions 
Bont les suivantes: 

1°. La chloropicrine, I’yperite et sa sulfone, la chloracetoph6none et I’isosulfocyanate 
d’allyle inhibent la glycolyse des levures, la fermentation alcoolique des extraits de levures 
pr6par6s selon Leb^okw ainsi que la 8uccinod6hydrog6nase du muscle de Pigeon dont on sait 
qu’elle n’est active qu’en presence de groupes — SH libres. Le sulfoxyde est sans action. 

2°. La consommation d’Og des levures est partiellement inhib^e par des concentrations en 
v^icants et toxiques de guerre qui n’affeotent pas la fennentation. La respiration des levures 
est done plus k ces toxiques que la fermentation; e’est Tinverse qu’on observe avec les 

acides ac^tiques monohalogen6s. Les consequences et Tinterpretation de ce fait me paraissent 
encore assez obscures; mais il importe de le signaler, car ce oaractere permet de diff6renoier deux 
groupes dans la famille des corps qui s’attaquent aux groupes — SH, inhibent la glycolyse et 
provoquent I’effet Lundbgaard; les acides monohalog6n6s d’une part, les vesicants et toxiques 
de guerre d ’autre part. 

Discussion. 

Que Taction des vesicants et des lacrymog^nes soit fondamentalement identique a celle 
des acides ac^tiques monohalog6n6s est un fait qui ne peut etre mis en doute. Les menies actions 
fermentaires sont inhib6es, les m^mes groupes — SH sont attaqu68, le meme effet Lundsoaard 
est provoqu6 sur le muscle de Grenouille par ces deux series de corps. Bien plus, il existe un rap- 
port quantitatif entre la puissance de Taction v^sicante et la puissance de Taction antiglycoly- 
tique. Ce rapport est des plus frappant quand on consid^re la s6rie des trois acides ac6tiquos 
monohalog6n^. Le tableau II resume nos observations confront6es avec certaines donn^es de la 
litt^rature. 


TABLEAU IL 

Action des acides ac^tiques monohaIogen6s. 


Acide 

Action v6sicante 

Effet Lundsoaard 2) 

Constante de la reac- 
tion avec — SH du 
glutathion 5) 

monochloro 

“h 

1 

0,15 

monobromo 


400 

9 

monoiodo 


600 k BOO 

15 


*) Acta biologies belgica, sous presse. 
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La m5me serie I > Br > Cl se retrouve, quand on 6tudie le pouvoir lacrymog^ne des halo- 
g^neac6tates d’^thyle. Le nombre de faits que nos observations permottent de concentrer sur un 
seul point apparait conune la meilleure confirmation de la theorie coh^rente qu’il nous permet de 
formuler. Cette theorie, k laquelle nous donnons le caract5ro tr5s general que le cadre de nos ex- 
j)6riences autorise, nous sert d’hypoth^se de travail. Nous avons d6ja verifi6 plus d'une fois que, 
k ce titre, elle se r6v^le f^conde. Nous la formulerons cornme suit: 

Un corps vesicant, apr^s avoir r6ussi k pen^trer dans la peau grace a sa solubilite dans les 
graisses, bloque les groupes — SH des cellules de Tepiderme et des poils et inhibe certaines 
reactions enzymatiques d’importance vitale (comme la glycolyso). Le nietabolisrne de ces cellules 
est ainsi profond^ment trouble ; la permeabilite des membranes et des capillaires s’alt^ro; une 
abondante exsudation do lymphe vient progressivement d^coller la couche suporficielle de la 
peau. 8i Tintoxication est profonde, si la restauration des fonctions enzymatiques ne peut 
s’effectuer notamment par I’apport de groupes — SH sangiiins, la cellule doit in^vitablement 
mourir, subir une necrose aseptique. Les cellules moins touches, a la peripherie de la lesion, 
r^ussissent ^ surmonter les consequences d’une intoxication legere. Ainsi se fait la delimitation 
de Tescarre cartonn^e aseptique. L’^volution ult^rieure de la plaie est banale; on voit se derouler 
apr^ Elimination de Tescarre, les diverses phases de la cicatrisation. Bien entendu, le mecanisme 
de la formation de ToedEme, de rexsudation de la lymphe, sort du cadre des faits envisages dans 
ce travail. Nous nous contenterons a ce propos de signaler une observation de Euhl et 
Thaddea 1®) ; ces auteurs ont vu se dEvelopper un oedEme du poumon aprEs injection d’acide 
monoiodoacEtique dans une circulation coeur-poumons de Chien. A ce point de vue aussi, 
analogic entre cet acide et les toxiques de guerre. 

Evidemment, notre thEorie — hypothEse de travail — ne precise pas le mEcanisme de ToedE- 
me et de la nEcrose. Nous rappellerons que le mEcanisme de la contracture du muscle striE sti- 
mulE aprEs intoxication au monoiodoacEtate, le dEterminisme de Teffet Lundsgaard lui-meme, 
nous est inconnu. Tout ce qu’on sait, o’est que I’acide lactique n’est pas en cause. 

Examinons main tenant les objections que soulEve une telle thEorie. Certaines m’ont EtE 
formulEes par mes collaborateurs au cours du travail expEriniental, d’autres par mes collEgues 
au cours de la discussion des communications prEliminaires, d’autres encore surgissent de la com- 
paraison entre nos observations et les idEes rEpandues dans la littErature abondante en inatiEre 
de toxiques de guerre. 

lEreobjeetion: Aquoibonune thEorie nouvelle, alors qu'il existe une thEorie qui rallie la 
plupart des suffrages et qui est enseignEe partout? A vrai dire, la theorie de Thydrolyse endoplas- 
mique est d’une insuffisance notoire et il est regrettable qu’elle ait servi de base pendant plus 
de 25 ans aux tentatives thErapeutiques et aux systEmes de protection individuelle ou collective. 

Cette thEorie veut que TypErite, pEnEtrant dans les tissus y subisse, comme en solution 
aqueuse, une hydrolyse rapide donnant naissanoe a de I’acide chlorhydrique et du thiodiglycol. 
Ce dernier corps Etant dEpourvu de toutc action vEsicante, I’HCl libEre serai t seul responsable 
de Feffet toxique de I’ypErite. 


./CHg - CHaCl 
^^CHg-CHaCl 


+ 2 HaO = 2 H Cl + S 


/CHa - CHaOH 
NCHa - CHaOH 


Cette thEorie n’est guEre acceptee qu’avec rEticence par certains auteurs (Hedbrbr et 
IsTiN 11) p. 239); d’autres (Dautrbbandr 1^), p. 164) la mentionnent a rexcliision de toute autre 
interprEtation et ne citent que les faits en apparence favorables a cette theorie. 

II n’est pas douteux quo, meme en nEgligeant notre travail, les merites de cette thEorie 
soient faibles par rapport k ses imperfections. L’acide chlorhydrique n’est pas un vEsicant, mais 
un caustique. De plus, le sulfure de dichlorEthyle est un poison bien plus redoutable que I’HCl. 
Si on dEpose sur I’avant bras d’un sujet sensible 0,3 mgr d’ypErite pure, la peau rougit au bout 
de quatre heures, les phlyctEnes apparaissent a la dixiEme heure et la brulure met plus d’un 
mois k guErir. La vEsication ne peut pas Etre attribuEe k la faible quantitE d’acide chlorhydrique 
libErable (0,16 mgr) que les tampons humoraux et collulaires neutraliseraient facilement. L’idEe 
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que r HCl liWre puisse etre plus actif parce que se pr6sentant k F^tat ,,n<msant' est insoutenable 
du point de vue physico-chimique. 

La thforie de Fhydrolyse endoplasmique n’explique pas Faction v6sicante de corps par- 
faitement stables comme Fisosulfocyanate d’allyle par exemple; elle est en contradiction aveo 

le fait que le sulfure de dichlorm^thyle (8 pas v&icant bien qu’il s’hydrolyse cinq 


fois plus vite que Fyp6rite (Pbtbks et Walker 13). Les d^riv^s cyan^s et sulfocyan^s du sulfure 
d*6thyle sont vesicants bien que les acides qu’ils pourraient lib6rer (HCN ou HCNS) soient des 
acides faibles non caustiques (Davies Nbkrassow 1^), Steinkopp J®)), Declarer avec 
Fluky (dans Muntsch p. 62) que Fyp^rite est un poison cellulaire n^crosant ne nousapprend 
rien sur le m^canisme d ’action de cette substance. On trouvera encore dans la litt^rature d’autres 


theories moins r^pandues qui, toutes, paraissent insuffisantes bien que plus proches de notre 
conception. 

A la v6rit6, certains auteurs dont la competence est universellement admise, n’ont pas cach6 
le sentiment d’ignorance qu’ils ressentaient „Denn es gibt Tage und Wochen wo mir die Wirkung 
des Dichloraethylsulfids so rdtselhaft ist, doss ich mir vorkovime, als wenn ich da stande, wo ich 
stand, als ich Twch nichts von diesevi Staff e wusste'' (Bitschbr 1®) p. 11). 

Notre etude verifie certaines predictions que Fon trouve dans la litterature et en precise 
singulierement la portee: ^J^euere TJniersuchungen iiher Zellgifte hahen ergeben, doss diese in der 
Hauptsache Fermentgifte sind und man wird kaum fehlgehen, wenn man die Wirkung auch des 
Gelbkreuzstoffes ♦) in den Zellen als eine Schadigung^lebensvyichtiger fermentativer Prozesse an- 
spricM\ (Muntsch a*?) p. 63). 

2eme objection. S’ils agissent fondamentalement de la meme fagon, pourquoi certains de 
ces toxiques de guerre sont-ils vesicants, d’autns lacrymogenes, d’autres encore suffocants? 

a) Kemarquons que tons les vesicants sont, k concentration de vapour suffisan- 
te, des lacrymogenes et qu’ils produisent des lesions oculaires graves. Le fait est indeniable en 
oe qui conceme Fyperite et I’essence de moutarde. 

b) Des lacrymogenes typiques sont vesicants, par exemple Fiodoacetate d’ethyle, k condi- 
tion qu’on expose la peau pendant un temps suffisamment long k des vapeurs concentrees. Le 
bromure de benzyle est irritant a la peau et si on en injecte 0,2 cc dans le derme d’un Chien, on 
determine la formation d’une enonne escharre lente k s’eiiminer et k guerir, escharre semblable 
k celle que produit dans les memes conditions un vesicant vrai. Le bromure de benzyle est oede- 
matiant, escharrifiant et necrosant comme Fyperite ou Facide iodoacetique si on le fait penetrer 
artificiellement dans la peau. Ajoutons, k titre de contrdle, que Finjection d’une quantite egalede 
p-bromotoluene non lacrymogene n’est suivie d’aucune lesion. 

c) Les suffocants comme la chloropiorine et la bromopicrine sont aussi de puissants lacry- 
mogenes. En realite, la classification des toxiques de guerre est d’ordre plus clinique et militaire 
que pharmacologique. II n’y a pas de demarcation nette entre les trois classes de toxiques, les 
vesicants, les suffocants et les lacrymogenes. 

d) L’attaque des groupes — SH li6s aux proteines ne s’effectue pas avec la meme intensit6 
et dans le meme ordre si on considere les divers toxiques et les diverses localisations de ces 


groupes — SH. Par exemple, la coloration au nitroprussiate reveie que sous Finfluence de Fiso- 
sulfocyanate d’allyle et de la cbloracetophenone, les groupes — SH disparaissent d’abord dans le 
bulbe pileux, puis dans la basale de I’epiderme et finalement dans le muscle peaucier. Par contra, 
le monoiodoacdtate s’attaque en premier lieu aux groupes — SH de F^piderme et en dernier lieu 
seulement k ceux du bulbe pileux. 

e) Outre leurs effets sur la glycolyse et les groupes — SH, certains toxiques de guerre possd- 
dent des actions physiologiques toutes particulikes susceptibles de modifier quelque peu le 
tableau clinique. Par exemple, la cbloropicrine est, avec la bromopicrine, le seul toxique de 
guerre qui, dans notre 6tude sur le muscle stri6 de Grenouille (Bacq, Goff art et Angenot A) se 
soit montr6 dou6 de propri^tfe v4ratriniques. A Finverse des autres toxiques, il sensibilise le 


*) Gelbkreuz est synonyme d’yp4rite. 



RELATION ENTRE l’iNHIBITION DB LA GLYCOLYSE ET l’aCTION VlisiOANTE 55 


muscle aux ions K+ (voir Bacq l®)).De plus, le ganglion et la fibre sympathiques du Chat ainsi 
que le nerf isol6 de Grenouille, sous Tinfluence de la chloropicrine, repondent de fai^on repetitive 
(par une volee de 3 e, 40 influx) k un stimulus unique, et, apr^s un certain nombre de stimuli, le 
ganglion sympathique se met k pulser spontanement. Ce fait que j'^tudie en ce moment avec 
G. Copp6e ’*) est susceptible de rendre compte du contraste qui existe entre I’yperite qui est 
indolore, insidieuse, et la chloropicrine qui irrite au plus haut point. 

f) II semble cependant que les proprietes physiques de ces toxiques de guerre constituent le 
plus important des facteurs qui determinent les proprietes vesicantes ou lacrymogenes. La 
plupart de nos experiences ont ete faites en solution aqueuse de fa^on a assurer une concentration 
determinee pendant un temps voulu. Si Ton veut transposer ces faits en toxioologie de guerre, il 
nf faut pas oublier que les toxiques ne peuvent penetrer que par les pournons ou par la peau. 
Par exemple, en ce qui concerne la peau, un inhibiteur puissant de la glycolyse sera sans action 
s’il est insoluble dans les graisses. En effet, les corps inscdubles dans les graisses ne pen^trent pas 
dans la peau; ils ne peuvent traverser la couche superficielle de I’epidenne ni s’insinuer le long 
du poil. C’est le cas du monoiodoac6tate de sodium qui, k I’^tat de cristaux ou de solution con- 
centres est sans action quand on le depose sur la peau. D’autre part, les liquides volatils ou les 
gaz ont plus de chance d’etre lacrymogenos puisque la conjonctive, riche en groupes — SH super- 
ficiels est moins bien protegee que la peau. Par exemple, le monoiodoacetate d’ethyle, le plus 
violent lacrymogene, n’est vesicant que si on expose la peau ^ des vapeurs tres concentrees. 

Le Tableau III qui resume ces faits, montre qu’en modifiant les propri6tes physiques d’un 
meme radical actif, on obtient trois corps dont I’effet toxique est en apparence tout diffe- 
rent. En realite, si on les met en solution aqueuse, ces trois corps sont des inhibiteurs de la glyco- 
lyse, ils donnent I’effet Lundsgaard et on est parfaitement en droit de dire que leur action 
physiologique fondamentale est la meme. 


TABLEAU III. 


Corps 

Lac-rymog^ne 

Vehicaiii 

Propriefes phy‘^iques 

\o— Na 

0 

0 

Solide, insoluble 
dans les graisses 

CH,I— C 

\o— H 

0 


Solido, tension de 
vapeur faible, soluble 
dans les graisses 

/° 

CH,I— C 

\)— C,H, 

+ “h 

+ 

Liquide volatil 


3ime objection. On nousademandepourquoi nous nous refusions k faire rentier ces Msions 
par substances chimiques definies dans le groupe des lesions inflammatoires d’origine micro- 
bienne. Par exemple, certaines lesions ^tendues de la peau par Typ^rite ressemblent de fa^on 
frappante k T^rysip^le. 

On peut, en effet, exprimer les faits en disant que I’yperite ou I’acide monoiodoac^tique 
d^terminent une „inflanivi<xtion** de la peau. Nous preferons toutefois 6viter d’employer ce terme 
d'inflammation parce qu’il n’ajoute rien ^ ce que nous avons d6crit ci-dessus et parce qu’il 
risque d’amener une confusion entre d’une part les donn6es nombreuses mais encore assez con- 


*) Arch, internat. Physiol. 61, 35 (1941). 
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fuses de patbologie baot^riezme et d’autre part les faits simples et pr^is que nous avons observes. 
Que certaiaes modifications vasoulaires, que des changements de perm^abilit^s, qu’une liberation 
de corps histaminiques soient communs k Tinflammation bact6rienne et k rinflammation chi- 
mique, nous n’en disconvenons pas. L^oed^me est une reaction g6nerale banale qu’on rencontre 
dans des lesions d'origine multiple. 

L’interet de nos recherches r6side essentiellement en ceci qu’elles portent sur le meoanisme 
d'attaque de la cellule, sur ce qui precede Tapparition de Toedeme. Ne peut-on pas retourner la 
question et se demander si retude des groupes — ^SH, des aotivit6s enz 3 maatiques des cellules 
enflammees par les toxines bacteriennes, ne devrait pas etre entreprise k la lumiere des faits mis 
en evidence dans Tinflammation chimique ? 

4eme objection. Notre th6orie ne mentionne pas Tintervention du systeme nerveux dans le 
meoanisme de la vesication. Or, les experiences de Bruce 20) et de Lewis, jointes k certaines 
donnees pharmaoologiques (Hofmann 2i)) font jouer un r61e preponderant aux reflexes vasodilata- 
teurs axoniques dans Taction des irritants chimiques et notamment de Tessence de moutarde. En 
realite, les travaux de Lewis et de Bruce ne portent que sur les phenomenes vasculaires du 
debut de Tinflainmation par Tisosulfooyanate d’allyle (halo rougefi.tre, phenomenes capillaires 
etc.). 

Wybauw 22) qui a etudi^e Teffet du badigeonnage de Toreille de Lapin k Tessence de moutar- 
de, est formel dans ses conclusions: „On saisit tout an moins chez le Lapin, un stade hyper^mique 
de dihut avec rougeur et oedime discret qui est (xmditionni par la prisence des fibres de la sensibiliti 
et dd, comme dans les ipreuves du premier groups, aux rifkxes axoniquss vasodilatateurs, Mais 
bientdt apparait un oedknve massif qui, aussi bien chez le Chat que chez le Lapin est au contraire faw~ 
risi par la diginirescence des fibres sensitives, , , , U oedkme, dans ces brulures graves, ne dipend 
vraisemhlahlenient pas de la vasodilatation; ce n'est pas un simple oedkme de transsudation, 11 est en 
effet le plus accentui du c6ti od la vasodilatation inUicde est la plus discrete ou mime fait difauV 
Alors qu’une oreille normale badigeonnee k Tessence de moutarde est k peu pr^s compietement 
oioatrisee en 6 4 7 semaines, Toreille enervee reste encore grosse apres 3 mois et pourvue de larges 
orohtes brun&tres. 

Que la sensation de cuisson et le halo rouge si remarquables dans Taction des acides ace- 
tiques monohalog6n^ sur la peau humaine, soient abolis par T6nervation sensible, iln’y a aucun 
doute. De m^me on supprimerait Taction lacrymog^ne de la chloropicrine en sectionnant le 
trijumeau. Mais, dans le premier cas, Toed6me, la phlyot^ne, Tescharre persisteraient et, dans le 
second cas, Tattaque de la oonjonotive ne serait pas arret^e. 

Nous avons done le droit de ne pas mentionner Tinfluence du S 3 rst^me nerveux dans cette 
^tude qui ne porte pas sur les effete vasculaires des vesicants, ni sur les actions sur les terminai- 
sons sensibles de la peau et des muqueuses k propos desquelles Heubner 23) a 6crit un m6moire 
trte pertinent. 

Mme objection. Si les toxiques de guerre agissent comme les acides ac6tiques monohalog6n4s, 
s’ils produisent Teffet Lundsgaard sur le muscle de Grenouille isole, pourquoi no font-ils pas 
apparaitre en injection intraveineuse la raideur musculaire gen^ralisee qu’a d6crite Lunds- 
OAARD 2a) chez le Lapin (20 mg par kg d'acide monoiodoac^tique neutralist)? 

En effet, sans avoir rechercht systtmatiquement k reproduire ce phtnomtne, nous ne Tavons 
jamais observt ni chez le Mammiftre anesth^it, ni chez la Grenouille, avec des vtsicants ou des 
toxiques de guerre. Magnb, Mayer et Plantefol 24) ont toutefois signalt chez certains yptritts 
de la guerre 1914 — 1918, une raideur musculaire particulitre qui pourrait reconnaitre Teffet 
Lundsgaard pour cause. 

Etant donnt les affinitts variables des groupes — 8H des diverses prottines, on pent trts bien 
concevoir que le monoiodoaottate injeett se fixe principalement dans le muscle, alors que la 
chloropicrine s*attaquerait de prtftrence aux muqueuses. J*en vois une indication dans ce fait 
qu’on ne provoque pas Toedtme du poumon par injection de monobromaettate chez le Chat ou 
le Chien anesthtsits (15 mg par kg) alors qu’avec 7 ^ 10 mg de chloro- ou de bromopicrine admi- 
nistits dans les mimes conditions, on dttermine en 1 it 2 heures un oedime aigu du poumon 
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mortel chess ces deux animaux. Pour voir raction oed^matiante au niveau du poumon, il faut, 
dans le cas du monoiodoac6tate s’adresser 4 une circulation coeur-poumons k la Starling 
(Buhl et Thaddea i®)), c’est k dire 61iminer les muscles squelettiques. 

Ajoutons que les vesicants et toxiques de guerre bloquent la conduction de Tinflux nerveiix 
4 des concentrations beaucoup plus faibles que les monoiodo et monobromac6tates (Bacq et 
CoppiiE, observations en partie inedites). On a done d’amples raisons pour ne pas s’arreter a 
oette objection. 

6&ine objection. S’il est exact que le blocage del'initif des groupes — SH est une 6tape 
n6cessaire dans le mecanisme de la vesication, tout syst^me oxydant susceptible de bloquer 
irr^versiblement les groupes sulfhydriles de la peau doit etro vesicant ou escarriliant. 

Nous n’avons pas encore examine ^ fond ce corrolaire de notre tlieorie, mais il est une expe- 
rience bien simple k la portae de tous qui confinne d’ailleiirs des faits d ’observation courante. 

Le peroxyde d’hydrog^ne (pur, 100 volumes) etal^ siir une coupe de peau fait disparaitre 
au bout de 80 k 60 minutes les groupes — SH de Tepiderme; dans le bulbo pileux ces groupes sont 
un peu plus r6sistants. Cette oxydation est irreversible, le cyanure etant incapable do faire appa- 
raitre k nouveau une coloration par le nitroprussiate. Done cet oxydant energique agit ^ ce point 
de vue comme la chloropicrine et les acides acetiques monohalogenes. Les effets du perhydrol 
sur la peau etant mal d^crits, j’ai fait sur moi-meme I’essai suivant que je conseillerais de faire a 
ceux qui pourraient conserver un doute sur la r6alite du fait. Deposer et Staler avec un fin 
pinceau quelques gouttes de perhydrol Merck sur la peau du dos de I’avant bras (surface circu- 
laire de 1 cm de diam^tre environ). Apr6s un d61ai de 4 a 5 minutes, vives sensations de piqures; 
des points blancs, mats apparaissent; la surface enduite de perhydrol se sur^l^ve; au bout de 
20 ^ 30 minutes, on voit et on sent nettement un oedeme blanc sureleve sur un fond rouge et 
chaud. C*est le halo de vasodilatation visible dans Tattaque de la peau par les acides ac^tiques 
monohalog6n6s. Les sensations de piqures disparaissent ^4 a 1 heure apr^s application du per- 
hydrol; Foed^me se tasse. Seize k vingt-quatre heures apr^s, des v^sicules pleines d’lm liquide 
clair se d6tachent sur I’^piderme de teinte saumonn^e. 

Ainsi done, le corollaire se v6rifie ais^ment; le perhydrol r^pond exactement a la definitjon 
d*un vesicant. J’ajouterai que Teffet Lundsgaard est tr^s marqu6 quand on fait agir I’eau oxy- 
g6n6e (1 % vol. %) sur un rectus isol6 de Grenouille et que le perhydrol (0,03 cc) en injection iii- 
trademiique dans I’oreille du Lapin fait apparaitre un fort oedeme de toute I’oreille. 

7ftnio objection. Le fluorure de sodium inhibe la glycolyse et il n’est ni vesicant ni escarrifian t. 

L ’action antiglycolytique du fluorure ne recommit pas un m6canisme identique k celui de 
I’inhibition par les acides ac6tiques monohalogenes. Ce sol ne reduit pas les groupes — SH libres; 
il ne donne qu’un effet Lundsoaard incomplet (Bacq, Gofpakt et Angbnot^)), et, pour 
autant qu’on puisse en juger par les effets d’une solution saturee, il n’est pas escarrifiant chez le 
Chien en injection intradermique. Il semble done que, pour etre vesicant, un corps doive inhiber 
la glycolyse d’une fa^on bien determinee et nous sommes enclins a con8id6rer que le blocage 
d6finitif des groupes sulfhydryles est un facteur d’importance primordial. Nous esperons que 
nos recherches permettront dans I’avenir de departager les adversaires et les partisans de la 
th^orie qui interprete Taction des acides acetiques monohalogenes par le blocage des groupes — SH. 
Nous signalerons toutefois le fait suivant k titre d’exemple d’un paralieiisme entre certains effets 
et la rapidite d’attaque des groupes — SH. Les toxiques de guerre et vesicants que nous avons 
etudies k ce point de vue (chloropicrine, bromopicrine, isosulfocyanate d’allyle, sulfone de Type- 
rite, chlorac^tophenone) determinant, en injection intraveineuse chez le Chien, le developpement 
d’un oedeme aigu du poumon. Or cet oedeme est d’autant plus precoce que la reaction du toxique 
avec les groupes — SH de la peau est rapide; mort en 1 e 2 heures avec la chloro- et la bromopi- 
crine, en cinq heures avec Tisosulfocyanate et la sulfone. L ’oedeme du poumon, les lesions bron- 
chiques sont Thomologue des lesions cutanees et oculaires; il n’y a aucune raison d’envisager une 
pathogenic particuliere des lesions de Tarbre respiratoire. 

Ainsi done, les objections que souieve notre theorie ne resistant pas k un examen approfondi. 
Bien plus, certains caracteres essentials de la vesication re^oivent une interpretation simple et 
logique. 
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I. On ne saurait trop insister sur la difference qui s^pare un vesicant d'un caustique, diffe- 
rence dont notre tbeorie rend compte. Le caustique agit meme sur une peau morte, sur du cuir, 
sur une etoffe de laine ou de coton, alors que Tapplication d’un vesicant sur un cadavre reste 
sans effet. L’yperite traverse le cuir, elle ne le „7nange'* pas. La vesication est une reaction vitale 
des cellules de la peau alors que la brulure par un caustique, acide, basique ou salin, n'est qu’une 
reaction banale de la matiere organique. Parler de Taction ,yCaiLstique'* de Typerite est une grave 
erreur de langage. Le caustique agit sans deiai alors que la phlyctene n'apparait que 2 410 heures 
apres Tapplication des vesicants les plus puissants. A ce propos, nous consid6rons oomme signifi- 
caiif le fait que Taction vesicante des acides iodo- et bromoacetiques est plus rapide que celle de 
Typerite. N’avons nous pas observe que Teffet Lund.sgaaud, Taction antiglyoolytique et Tattaque 
des groupes — SH sont plus lents dans le cas de Typerite que dans celui de ces deux acides? 

II. La grande rapidite d’action des lacrymogenes s’explique 1° par la fragilite et le 
manque de protection des groupes — ^SH de la conjonctive; 2°. par le fait que la secretion des 
lartnes, de nature reflexe, est provoquee par de tr^s faibles irritations de la conjonctive et 
de la cornee. Le liquide qui s’aocumule dans la phlyctene n’est pas secr6te par une glande, c'est 
un exsudat, une lymphe dont la formation manifesto une grande independance vis-4-vis du 
systeme nerveux. En somme, Thomologue de Taction lacrymogene, c’est, en ce qui conceme la 
vesication, le halo de vasodilatation cutanee qui se developpe moins d*une minute apr^s applica- 
tion de certains vesicants. 

III. On entrevoit, pour la majeure partie des vesicants la cause des relations entre la 
structure et Taction physiologique. 

A de rares exceptions pres, ces corps contiennent tous un halogene ou un groupe CN ou SON 
qui so comporte comma un halogene. Get halogene est Teiemont actif. A vrai dire, les halogenes 
4 Tetat moieculaire ont certaines des actions pharmacologiques qu'on reconnait 4 leurs com- 
poses organiques: le chlore est suffocant; les vapeurs de brome et d’iode sont lacr 3 nnogenes et 
irritant les muqueuses. Les cliniciens et les pharmaciens savent que la vieille teinture d’iode oh 
s’est forme de Taoide iodhydrique et hypoiodeux est non seulement un r6vulsif mais un vesicant 
16ger pour les peaux sensibles. De plus elle pique au nez. 

Le soufre dans la molecule d’yperite ne joue pas un r61e primordial; il n’est pas Tei6ment 
toxophore ainsi que le veulent certaines theories applicables uniquement 4 la famille de Typerite. 
Notre th6orie postule que dans la molecule vesicante, Thalogene doit etre assez proche du car- 
bone pour que la molecule soit stable et cependant assez labile pour permettre Taccrochage de 
certains — ^H. C’est ainsi que le bromure de benzyle est lacrymogene et escarrifiant en injec- 
tion, qu’il inhibe la glycolyse, alors que ses isomeres, le m- et le p- bromotoluene, ne sont pas 
escarrifiants etnefont pas apparaitre Teffet Lundsoaabd. L’atome de brome fixe directement au 
noyau est moins labile que dans une chaine laterale. 

On sait depuis longtemps que dans la serie de Typerite, la chaine 4 deux atomes de carbone 
est celle qui permet Tobtention des derives les plus actifs. Si on raccourcit ou si on allonge cette 
chaine, la propriete vesicante disparait ou s’attenue. Le meme fait est connu en ce qui concerne 
Taction antiglycolytique des acides gras monohalog6n6s; les plus actifs sont les derives de Tacide 
acetique *). 

Fait remarquable: dans trois series differentes: celle de Tethane, celle de Tacide acetique 
et celle de Typerite, si on surchlore le derive monohalogen6, si on accroche plus d’un atome 
d’halogene au carbone, Taction vesicante et antiglycolytique disparait. L’4cide trichloracetique, 
fortement dissocie, est un caustique precipitant des prot6ines; Tacide dichloracetique tient le 
miheu entre le derive mono- et le derive trihalogene;ilproduit encore un leger effet Lundsgaari) 
apres avoir ete neutralise. 

Le diohlorethane symetrique (1,2) CHgCl — CHgCl, produit Teffet Lundsgaard et diminue 
fortement la reaction du muscle de Grenouille aux ions K+; il n’a qu’un chlore attache 4 chaque 

*) Cette chaine 4 deux atomes de carbone se retrouve dans nombre d^autres molecules 4 
action biologique intense; Tadrenaline, la choline, les phenoxyethylamines et autres sympathicolyti- 
ques de synthese; les antifibrillants prepares dans le laboratoire du Dr. Fourneau 4 Paris etc. 
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carbone. Son isomke asym^trique, le dichlor^thane 1/1 CHClg— CHg, oil les deux atomes de 
ohlore sont attaches au meme carbone, agissant sur le muscle homologue d’une meme Grenouille, 
k la meme concentration, pendant le meme temps, determine une diminution d’effet des ions 
K+, ot un effet Lundsgaard beaucoup plus faibles. 

IV. L’importance primordiale des groupes — SH dans la physiologie de la peau nous est 
confirmee par Hammbt. Get auteur demontre que le benzylmercaptan, o*est-^-dire un corps 
synth6tique aveo un groupe — SH libre, est un excitant rernarquable de r6pith61ium cutane de 
la souris. Apr^s 6 mois de traitement avec un solution 4 5% de benzylmercaptan dans la glycerine, 
r^piderme double d’6paisseur, sa structure microscopique est compl^tement changee; dans cer- 
tains cas meme, cet 4tat d’intense proliferation va jusqu’e, la production de papillomas. 

Ce travail, joint au notre, fait entrevoir des possibilites therapeutiques remarquables. II est 
certain que les mercaptans, les acides amines et polypeptides porteurs de groupes — SH libres 
doivent etre consideres k la suite de notre etude comma de vrais antidotes des vesicants. L’exp6- 
rience clinique nous dira si nos espoirs sont fondes. 

Indiquons encore une consequence du blocage definitif des groupes — SH par les vesicants 
et de la formation probable d*un complexe d’addition: la keratinisation deviont impossible, 
puisque la molecule de keratine est orientee autour d*une ferine soudure — S — S — (Astbury et 
Woods 26)) que peut seul rompre un certain potential d’oxydoreduction realise dans Testomao 
des insectes keratinivores (mites). 


Conclusion. 

Les vesicants, suffocants et lacrymogenes utilises comme agents therapeutiques ou 
comme toxiques de guerre, agissent comme les acides acetiques monohalogenes; ils at- 
taquent les groupes — SH libres du glutathion et des proteines; ils inhibent la fermenta- 
tion lactique. 

Une theorie coherente peut Stre basee sur cos faits. 


Addendum. 

(re9u 28.111.41.) 

Depuis Tenvoi de ce travail, nous avonapris connaissance de plusieura i^ublicationa ant6rieures 
k nos recherches et ayant trait au mode d’aotion des vesicant, s. Nous rc’grettons de les avoir 
ignor6es et de ne pas les avoir inentionn^cs dans nos publications ant^neures. Certains fails relates 
dans le m4moire ci-dessus comme originaux confirrnent les r^sullats de Bekenblum, Kendal et 
Orr (Biochem. Jl. 80, 709, 1936), de Peters (Nature, 188, 327, 1936) et de Jany et Sellei (Bioch. 
Zs. 275, 234, 1935). 

Berenblum et ses collaborateurs ont observ6 que Typ^rite et sa sulfone, ainsi que la cantharidine 
inhibent plus fortement la gly colyse que la respiration du sarcome de Jensen broye. II semble done 
que la difficult^ soulev4e k la page 1 1 de notre travail k propos de la respiration des levures soit en 
partie r6solue. Ces trois vesicants agissent bien comme I’acide monoiodoac6tique. Berenblum et ses 
collaborateurs observent que le sulfoxyde de Pyp^rite et le thiodiglycol n ’inhibent pas la glycolyse 
plus que la respiration. De m5me Jany et Sellei ont observe que la glycolyse ana6robie du carciriorne 
de rat est inhib^e presque totalement (94 %) par I’yp^rite. 

La note de Pbtbrs relate ce fait que la sulfone de ryp6rite a la mdme action que I’acide monoiodo- 
ac6tique sur le m4tabolisme du oerveau. Ces deux corps, ^ faible concentration (0.000174 M pour la 
sulfone) inhibent I’oxydation du pyruvate mais n’ont pas d’effet sur la conversion du lactate en pyru- 
vate. Peters 6tablit que oette action n’est pas due k I’inactivation de la vitamine B^ et, dans mie 
demise phrase, attire Pattention sur la similitude des effets vesicants de la sulfone et de I’acide 
monoiodoac^tique. 

Ainsi done, dans I’ignorance des travaux cit6s ci-dessus, nous 6tions arrives par des yoies toutes 
diff6rentes k des conclusions identiques. Toutefois, une action sur les groupes sulfhydriles n’a pas 
envisag^e par ces auteurs. Berenblum et Wormall (Biochem. Jl. 88) pour expliquer la modifi- 
cation des propri4t4s antig6niques du serum de cheval trait6 par I’yp^rite, admetent le point de vue de 
Lawson et Reid. Ils pensent que ryp6rite s’attaque aux groupes — NHg des proteines. Notre hypo- 
thAse qui fait de 1 ’inactivation de la fonction sulfhydrile le point de depart de Faction vAsicante rend 
parfaitement oompte des rAsultats de Berenblum et Wormall. 
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Die Bestimmung der Fructose 

in Gegenwart von Saccharose und Glucose 


VON 


TADASHl YOSHIDA und KAZUC) YAMAFIjMI 

[Inst. f. Bioch am Kaiserl. Imi. /. Zuckerforsck., 
Tninan, Japan). 


(28.1.41.) 


In der vorhergehenden Arbeit haben wir zwei Methodon zur Glucosebestimmung bei An- 
wesenheit von Kohrzucker und Fruchtzucker mitgeteilt (l). TJni die Fructosemenge nach dieser 
Methoden zu ermitteln, muss man von dem gesamten reduzierenden Zucker, desseii Menge nach 
den ebenfalls von uns friiher mitgeteilten Verfabren (2) bestimmt werden kann, den Glucose- 
gehalt subtrahieren. In der vorliegenden Angabe wird iiber drei Methoden berichtet, die in 
Gegenwart von Saccharose und Glucose eine direkte Bestimmung der Fructose ermoglichen. 

1. Bestimmung mil alkalischer Kaliumtorrieyanidlosuiig. 

Das erste Verfahren: 2 ccm einer Kaliumferricyanidlosuiig (6,6 g KgFeCyg in 1000 com 
W’asser) in ein Proberohrchen gebracht, 5 ccm Natriumcarbonat-Natriumphosphat-Losung 
(60 g NagCOg-f 100 g NagHPO^ in 1000 ccm Wasser) und 5 cciu Zuckerlosung hinzugefiigt. 
Das Eohrchen wird sorgfaltig geschtittelt imd dann 30 Minuten auf 50^^ erwarmt. Die Mischung 
wird nach dem Abkuhlen mit kaltem Wasser in einen kleinen EitLENMEYKn-Kolbon oingetragen 
und hierauf 5 ccm 20%iger Zinksulfatlbsung, 5 ccm 20%iger Kalin mjodidlosung und 10 ccm 
40%iger Essigsaure zugesetzt. Schliesslich wird das frei gewordene Jod mit 0,005 n Thiosulfat 
titriert. Zur Ermittelung der durch Zucker verbrauchten K-Ferricyanidmenge muss noch ein 
Kontrollversuch, bei dem 5 ccm Wasser anstatt Zuckerl(’>sung verwendet wird, ausgefuhrt 
werden. 

Weim die Reaktionstemperatur noch erhbht wird, so wird der Unterschied zwischen dem 
Ferricyanidverbrauch durch Fructose und demjenigen durch Glucose oder Saccharose alhuahlich 
kleiner (Tabelle I). Die Temperatur uber 50° ist daher fur die Bestimmung der Fructose in 
Gemischen von Saccharose, Glucose und Fructose ungeeignet. 


TABELLE I. 


Temperatur 
in °C 

Zugesetzter Zucker 

Temperatur 
in °C 

Zugesetzter Zucker 

1,25 mg 
fructose 

1,25 mg 
Glucose 

1000 mg 
Saccharose 

1,25 mg 
Fructose 

1,25 mg 
Glucose 

1000 mg 
Saccha- 
rose 


Ferricyanidverbrauch 


Ferricyanidverbrau(‘h 


in 

ccm Thiosulfat 


in 

ccm Thiosulfal 


0,20 

0,03 

0,02 

70 

7,50 

5,90 

1,10 


1,75 

0,20 

0,15 

80 

7,55 

7,40 

1,60 


4,40 

0,40 

0,35 

90 

7,55 

7,50 

2,40 


7,20 

2,00 

0,70 

100 

7,55 

7,50 

3,00 


Ist die Reaktionsdauer zu lang, so verbrauoht auch Glucose eine gentigend grosse Menge 
Ferricyanid (Tabelle II). Dementsprechend darf bei der Fruotosebestimmung die Losung 
nicht mehr als 80 Minuten erwarmt werden. 
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TABELLB II. 


Reaktions- 
dauer 
in Min. 

Zugesetzter Zucker 

Beaktions- 
dauer 
in Min. 

Zugesetzter Zucker 

1,25 mg 
Fructose 

6,00 mg 
Glucose 


1,25 mg 
Fructose 

5,00 mg 
Glucose 

1000 mg 
Saccharose 


Ferricyanidverbrauch 


Ferricyanidverbrauch 


m 

ccm Thiosulfat 


m 

ccm Thiosulfat 

6 

1,70 

0,40 

0,08 

46 

6,60 

8,30 

0,50 

10 

2,40 

0,80 

0,16 

60 

6,60 

4,20 

0,66 

20 

8,50 

1,50 

0,25 

90 

7,60 

6,10 

0,80 

30 

4,40 

2,20 

0,86 

120 

— 

7,80 

1,00 


Auf Grand dieser Yersuche wurden dann die dutch bestimmten Mengen von Fructose, 
Glucose und Saccharose reduzierten Ferricyanidmengen nach dem ersten Verfahren ermittelt 
(Tabelle III). 

TABELLE III. 


Fructose 
in mg 

Ferricyanidver- 
brauch in ccm 
Thiosulfat 

Glucose 
in mg 

Ferricyanidver- 
braucn in ccm 
Thiosulfat 

Saccharose 
in mg 

Ferricyanid- 
verbrauch in ccm 
Thiosulfat 

0,25 

0,90 

1,00 

0,60 

200,00 

0,06 

0,50 

1,80 

2,00 

0,95 

400,00 

0,13 

0,75 

2,75 


2,20 

600,00 

0,20 

1,00 

8,65 


4,10 

800,00 

0,28 

1,25 

4,40 

35,00 

5,80 

1000,00 

0,35 

1,60 

6,20 


7,35 



1,75 

5,95 





2,00 

6,80 






Bei einem Yersuch mit einer Mischung von 1 mg Glucose, 1 mg Fructose und 1 g Saccha- 
rose wurde eine 4,40 ccm 0,006 n ThiosulfatK^ung entsprechende Menge K-Ferrioyanid ver- 
braucht. Dieser Wert ist, wie aus Tabelle III ersichtlich ist, der Summe des Ferricyanidver- 
brauchs dutch einzelne Zucker gleich. 

Fur die Beinigung der zuokerhaltigen L6sung werden gewOhnlich Bleiacetat und Natrium- 
phosphat benutzt. Es ist allgemein bekannt, dass Bleiacetat auf die Zuckerbestimmung fast 
keine stdrende Wirkung ausiibt. Deshalb wurde nun den Einfluss des Entbleiungsmittels auf 
die Bestimmung der Fructose untersucht. In der verwandten ZuckerlOsung waren 1 mg Fruc- 
tose, 1 mg Glucose und 1 g Saccharose enthalten. 

TABELLE lY. 


10 %iges NajHPO^ 
in ccm 

Ferricy an id ver branch 
in ccm Thiosulfat 

10 %iges NajHPOi 
in ccm 

Ferricyanidverbrauch 
in ccm Thiosulfat 

0 

4,40 

2,0 

4,20 

0,6 

4,40 

6,0 

4,10 

1,0 

4,80 


Wie die Tabelle lY zeigt, muss ein Zusatz einer zu uberschiissigen Menge Na-Phosphat 
vermieden werden. 


Das zweite Yerfahren: Eine Mischung von 2 ccm 0,66%iger K-FerricyanidlOsung, 2 ccm 
2%iger Na-CarbonatlOsung und 6 ccm Zuckerlosung wird 16 Minuten im siedenden Wasserbad 
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erhitzt. Nach dem Abkiihlen mit Wasser wird die Menge des reduzierten Ferricyanids wie bei 
dem ersten Yerfahren ermittelt. 

Die durch verschiedene Mengen von Fructose, Glucose, Invertzucker und Saccharose 
verbrauchten Ferricyanidmengen wurden nach diesem zweiten Yerfahren bestimmt (Tabelle Y). 


TABELLE V. 


Zugesetzter 
Zucker in mg 

Fructose 

Glucose 

Invertzucker 

Zugesetzter 
Zucker in mg 

Saccharose 


Ferrioyanidverbrauoh in 
Thiosulfat 

ccm 


Ferricyanidver- 
brauch in ccm 
Thiosulfat 

0,25 

1,86 

1,24 I 

1,30 

200 

0,24 

0,50 

2,84 

2,68 I 

2,76 

400 

0,50 

0,75 

4,86 

4,10 

4,24 

600 

0,72 

1,00 

6,82 

6,46 

5,64 

800 

1,00 

1,25 

7,48 

6,82 

7,20 

1000 

1,28 


Berechnung des Fructosegehaltes: Wenn die zu untersuchende Losung Fructose 
allein enthalt, so kann man aus dem Thiosulfatverbrauch mit Hilfe der Tabelle YI, die auf Grund 
der oben beschriebenen sowie noch anderer Yersuche gegeben worden ist, direkt die Fructoso- 
menge umrechnen. 

TABELLE YI. 


Kaliumferricyanidver- 
brauch in ccm 0,005 n 

N at riui n i hiosul fat 

Fructose in mg 

nach dem ersten 
Yerfahren 

nach dem zweiten 
Yerfahren 

1 

0,28 

0,186 

2 

0,56 

0,355 

3 

0,84 

0,520 

4 

1,13 

0,690 

5 

1,43 

0,855 

6 

1,76 

1,025 

7 

2,07 

1,175 

8 

1 

2,88 



Enthalt die zu priifende Losung neben Fructose noch Glucose und Saccharose, so muss die 
Berechnung des Fructosegehaltes in der folgenden Weise ausgefuhrt werden: Zunachst ist es 
notwendig, beim ersten Yerfahren zur Korrektion fiir Saccharose, wie aus der Tabelle III er- 
sichtlich ist, vom ermittelten Titer Thiosulfat den Yerbrauch durch diesen Zucker zu subtra- 
hieren, in dem Yerhaltnis, dass 1 g Saccharose 0,33 ccm 0,005 n Na 2 S 203 entspricht. Da unter 
den Yersuchsbedingungen des ersten Yerfahrens das Reduktionsvermogen der Glucose, wie 
ebenfalls aus Tabelle III umgerechnet werden kann, 14,1% desjenigen der Fructose ist, wird 
durch die in der Losung enthaltenden Zucker (x mg Fructose + y mg Glucose) die x + 0,141 y 
= a (Pormel I) entsprechende Menge Ferricyanid verbraucht; dabei kann a aus dem vorher 
ftir Saccharose korrigierten Titer Thiosulfat und aus den fur das erste Yerfahren gegobenen 
Daten in Tabelle YI leicht berechnet werden. 

Da nach dem zweiten Yerfahren die gesamte reduzierende Wirkung der zu untersuchenden 
Losung, die neben Fructose und Glucose noch Saccharose enthalt, bestimmt wird, muss man 
vor der Berechnung des Fructosegehaltes, wie bei dem ersten Yerfahren, von der titrierten 
Menge Thiosulfat den Yerbrauch durch Rohrzucker abziehen, in dem Yerhaltnis, dass 1 g 
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Sacoharose = 1,26 com 0,006 n Na 2 S 203 ist (vgl. Tabelle V). Beim zweiten Verfahren entsprioht 
die Eeduktionsfahigkeit der Glucose 92,9% derjenigen der Fructose. Dementsprechend ist die 
Gesamtmenge (b mg) von Fructose (x mg) und Glucose (y mg) in der zu prtifenden L6sung x + 
0,929 y = b (Formel II), wobei b, wie beim ersten Verfahren, aus dem fiir Saccharose korrigierten 
Thiosulfatverbrauch mit Hilfe der Tabelle VI direkt umgerechnet wird. Aus den Formeln I und II 
kOnnen wir leicht den Gehalt an Fructose so wie an Glucose berechnen. 

Wir haben nun naoh dieser Methode die Fructose- und Glucosemenge in einigen Handels- 
rohrzuckern und im Zuckerrohr bestimmt (Tabelle VII). 


TABKLLE VII. 



P'ruotoht- 

in % 

Ghvose 
in % 


Fructose 
in % 

Glucose 
in % 

Handelsrohrzucker . 

0,062 

0,089 

Junges Zuckerrohr . 

0,068 

0,069 

Handelsriibenzucker . 

0,030 

0,054 

Eeifew Zuckerrohr 

1,640 

1,721 

1 


It. Bestiminung mit LuFFScher Losung. 

In eiiier fruheren Mitteilung wurde eine Methode zur Zuckerbestimmuiig mit LuFFscher 
Losung berichtet (3). Wir haben in der vorliegenden Untersuchung diese Losung zur Bestim- 
mung der Fructose in Gegenwari von Glucose imd Saccharose bonutzt. 

26 ccm LuFFscher Losung werden mit 26 ccm Zuckerlosung versetzt. Die Mischung wird 
auf 60° erwarmt und nach 30 Minuten mit kalteni Wasser abgekiihlt; zu der erkalteten Losung 
gibt man 26 ccm verdtinnter Sohwefelstoe (1 Vol. HgSO^H- 6 Vol. Wasser) und 16 ccm 20%iger 
KJ-Losung und titriert mit 0,1 n Na-Thiosulfat. Unter den gleichen Bedingungen wird auch ein 
Blindversuch ohne Zucker ausgeftihrt. 

Dass bei der Fructosebestimmung bei Anwesenheit von Glucose die Losung nicht uber 
60° erhitzt werden darf, ist aus den folgenden Versiichen ersichtlich. 


TABELLE VIII. 


IVmperatur 
in "C 

Zugesetztor Zucker 

Temperatur 

in 

Zugesetzter Zucker 

20 mg 
Fructose 

1 

20 mg 
Glucose 

20 mg 
Fructose 

20 mg 
Glucose 


Eeduzierte Cu-Mengo 


1 Eeduzierte Cu-Menge 


in com Thiosulfat 


in ccm 

Thiosulfat 

40 

1,09 

— 

80 

6,17 

1 4,02 

50 

1,57 

— 

90 

6,22 


60 

2,92 

0,12 

100 

6,87 

6,27 

70 

5,68 

1,32 





Tabelle VIII zeigt namlich, dass unter 60° die Luppsche Losung durch Glucose fast nicht 
reduziert wird. Um moglichst zu venneiden, dass Glucose auf die Kupferlosung reduzierend 
wirkt, ist es notig, dass die Beaktionsmischung nicht zu lange erwarmt wird (Tabelle IX). 

Wir haben dann nach dieser Methode die durch bestimmte Mengen von Fructose und 
Glucose reduzierten Cu-Mengen ermittelt (Tabelle X). 

Unter den Bedingungen dieser Methode tibt Saccharose unter 6 g auf die Luppsche Losung 
keine reduzierende Wirkung aus (Tabelle XI). 

Auf Grund einer Eeihe von Versuchen geben wir ftir die Berechnung der Fructosemenge 
aus dem Thiosulfatverbrauch folgende Ubersioht (Tabelle XII). 
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TABBLLE IX. 


Beaktionsdauer 
in Min. 

Zugesetzter Zucker 

1 Beaktionsdauer 
in Min. 

Zugesetzter Zucker 

25 mg 
Fructose 

125 mg 
Glucose 

25 mg 
Fructose 

125 mg 
Glucose 


1 Reduzierte Cu*Menge I 


Reduzierte Cu-Menge 


in com 

Thiosulfat 


in ccm Thiosulfat 

15 

1,56 

0,49 

60 

5,15 

2,97 

80 

3,32 

1,22 

90 

6,44 

4,64 

45 


2,00 

120 

7,03 

6,00 


TABELLE X. 


Fructose 
in mg 

Reduzierte Gu>Menge 
in ccm Thiosulfat 

Glucose 
in mg 

Reduzierte Cu-Menge 
in ccm Thiosulfat 

2 

0,30 

25 

0,20 

5 

0,58 

50 

0,40 

10 

1,26 

125 

1,13 

20 

2,81 

250 

2,84 

25 

8,89 

875 

4,35 

80 

4,36 

500 

5,85 

40 

6,92 

625 

7,42 

50 

6,98 



75 

10,77 



100 

18,77 




TABELLE XI. 


Krwarmungsdauer in Min 

30 

60 

120 

Durch 6 g Saccharose reduzierte Cu-Menge in ccm Thio- 
sulfat 

0,00 

0,05 

0,10 


TABELLE XII. 


0,1 n NajSjOg 
in ccm 

Fructose 
in mg 

0,1 n Na*S,Oa 
in ccm 

Fructose 
in mg 

0,1 n NajSjOa 
in ccm 

Fructose 
in mg 

0,2 

1.4 

5,0 

36,0 

9,8 

68,1 

0,4 

2.8 

S,2 

36,3 

10,0 

69,5 

0,6 

4,2 

5,4 

37,6 

10,2 

71,0 

0,8 

5,6 

5,6 

38,9 

10,4 

72,6 

1,0 

7,0 

5,8 

40,2 

10,6 

74,0 

1,2 

8.4 

6,0 

41,6 

10,8 

75,5 

1.4 

9,8 

6,2 

42,9 

11,0 

77,0 

1.6 

11,2 

6,4 

44,3 

11,2 

78,6 

1.8 

12,6 

6,6 

45,7 

11,4 

80,2 

2.0 

14,0 

6,8 

47,1 

11,6 

81,8 

2.2 

15,4 

7,0 

48,6 

11,8 

88,4 

2.4 

16,8 

7,2 

49,9 

12,0 

85,0 

2,6 

18,2 

7,4 

51,3 

12,2 

86,7 

2,8 

19,6 

7,6 

52,7 

12,4 

88,4 

3,0 

21,0 

7,8 

54,1 

12,6 

90,1 

8,2 

22,4 

8,0 

55,5 

12,8 

1 91,8 

8,4 

28,8 

8,2 

56,9 

18,0 

1 93,6 
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TADASHI TOSHIBA UNB KAZUO YAMAFUJI 


TABELLE XII (Fortsetzung). 


0,1 n Na^SgO, 
in ocm 

Fructose 
in mg 

0,1 n Na 2 S 20 , 
in com 

Fructose 
in com 

0,1 n NagStOs 
in com 

Fructose 
in mg 

3,6 

2S,2 

8,4 

58,8 

18,2 

95,2 

3,8 

26,6 

8,6 

59,7 

13,4 

96,9 

4,0 

28,0 

8,8 

61,1 

13,6 

98,6 

4,2 

29,4 

9,0 

62,5 

13,8 

100,3 

4,4 

30,8 

9,2 

63,9 

14,0 

102,0 

4.6 

32,2 

9,4 

65,8 



4,8 

23,6 

9,6 

66,7 




Zur Bereohnung des Zuokergehaltes der nur Fructose enthaltenden Losung werden die 
Daten in der Tabelle Xjj^irekt benutzt. Bei der Bestimmung der Fructose in Gegenwart von 
Glucose und Bobrzucker ist eine Korrektion nur fur Glucose notwendig; denn hierbei findet, 
wie oben erwli.hnt, keine Beduktion der LuFFschen Losung durch Saccharose statt. Die redu> 
zierende Kraft der Glucose entspricht, wie aus den Zahlen in Tabelle IX umgerechnet werden 
kann, 7,57% derjenigen der Fructose. Bei der x mg Fructose sowie y mg Glucose enthaltenden 
Ldsung ist daher der ermittelte Thiosulfatverbrauch der durch x + 0,0757 y = a (Formal III) 
entsprechende Menge Fructose verbrauchten Thiosulfatmenge gleich. Hierbei kann a mit Hilfe 
der Tabelle X|Pfiicht berechnet werden. Andererseits wird die Gesamtmenge (b mg) von Fruc- 
tose (x mg) und Glucose (y mg) in der Losung nach der von uns friiher mitgeteilten, zweiten 
Methode (2*8) bestimmt. Da aber unter den Bedingungen dieser Methode das Beduktionsver- 
mOgen der Glucose demjenigen der Fructose gleich ist, ist x -f y = b (Formal IV). Die Menge 
der Lavulose sowie der Glucose werden aus diesen beiden Formel III und IV berechnet. 

Die Analyse des Handelszuckers wurde mit der LuFF’schen Losung in der oben besohriebe- 
nen Weise durchgeflihrt (Tabelle XIII). 


TABELLE XIII. 



Fructose 
in % 

Glucose 
in % 


Fructose 
in % 

Glucose 
in % 

Brauner Zucker . . 

1,82 

2,02 

Weisser Zucker. . . 

0,13 

0,17 


III. Bestimmung mit OPNBRSCher LSsung. 

Wir haben femer festgestellt, dass auch OFNBBSche Losung (4) fur die Fructosebestim- 
mung in Gegenwart von Glucose und Saccharose anwendbar ist. Die zu diesem Zweoke erfor- 
derlichen Beagenzien sind folgende: 

1. 5 g krystallisiertes Kupfersulfat + 10 g wasserfreies Natriumcarbonat + 50 g krystalli- 
siertes Natriumphosphat (Na2HP04.12 HgO) + 300 g Seignettesalz in 1000 com Wasser 
(OFNBBSche Losung). 

2. 0,0828 n Jodlosung: 10 g Kaliumjodid + 2,05 g Jod in 500 com Wasser. 

8. 0,0828 n Natriumthiosulfatlosung, gegen Jod eingestellt. 

25 com der zu untersuchenden Losung werden in einem Beagensglas mit 25 ccm Ofneb- 
soher Losung 80 Minuten auf 60® im Wasserbad erhitzt. Man kiihlt durch Eintauchen in 
kaltes Wasser, setzt 50 com Wasser, 10 ccm 1 n Salzsaure und 15 ccm 0,0328 n Jodlosung hinzu 
und titriert nach 2 Minuten mit 0,0828 n Thiosulfat gegen Starke. 

Durch Erhitzen ttber 60® wird der Jodverbrauch durch Glucose viel grosser (Tabelle XIV). 
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TABELLE XIV. 


Temperatur 
in °C 

i Zugesetzter Zucker 

Temperatur 
in °C 

Zugesetzter Zucker 

10 mg 
Fructose 

10 mg 
Glucose 

10 mg 
Fructose 

1 

10 mg 
Glucose 

|_||_||||||||_ 

1 Jodverbrauch in ccm I 


1 Jodverbrauch in ccm 


0,15 1 

0,00 

BO 

10,10 

5,20 


0,50 ' 

0,05 ^ 

90 

10,30 

8,90 


2,50 

0,25 

100 

10,55 

10,40 

HHIH 

6,75 

1,80 





Fiir die Bestimmung der Fructose bei Anwesenheit der Glucose ist eine langere Erwarmung 
der Mischung ungeeignet (Tabelle XV). 


TABELLE XV. 


Reaktionsdauer 
in Min. 

1 

Zugesetzter Zucker 

Reaktionsdauer 
in Min. 

Zugesetzter Zucker 

10 mg 
Fructose 

50 mg 
Glucose 

10 mg 
Fructose 

50 mg 
Glucose 




1 Jodverbrauch in ccm 

16 

1,40 


90 

8,50 

6,00 

80 i 

3,00 

1,80 

120 

9,00 

8,00 

60 

6,20 

4,00 





Nacb der oben erwahnten Methode wurden die durch verschiedene Zuckermengen ver- 
brauchten Mengen Jod ermittelt (Tabelle XVI). 

TABELLE XVI. 


Fructose in mg 

Jodverbrauch 
in ccm 

Glucose in mg 

Jodverbrauch 
in ccm 

10 

2,80 

125 

3,90 

20 

5,50 

250 

7,65 

80 

8,10 

875 

10,70 

40 

10,70 

500 

13.35 

50 

12,90 




Wir haben noch zablreiche diesbezugliche Versuche ausgefubrt und konnten folgende Tabelle 
erbalten, die zur Umrechnung der Jodwerte auf Milligramm Fructose dient. (Tabelle XVII;. 

Da unter den oben beschriebenen Versuchsbedingungen die OFNBRscbe Losung durch 
5 g Bohrzucker nicbt reduziert wird, kann das Vorhandensein dieses Zuckers unter 6 g in der 
zu priifenden Losung ignoriert werden. Wie aus den Daten in Tabelle XV ersichtlicb ist, ist die 
Keduktionsfahigkeit der Glucose durcbschnittlich 10,98% derjenigen der Fructose. Die durch 
X mg Lavulose und y mg Glucose verbrauobte Menge Jod entspricht desbaJb dem durch x + 
0,109 y== a (Formel V) Milligramme Fructose verbrauchten Jodwert; hiorbei kann a mit 
Hilfe der Tabelle XVII leicht umgerechnet werden. Die Gesarntmenge der beiden Zucker wird 
andererseits nach der friiher berichteten, unserer zweiten Methode zur Bestimmung der redu- 
zierenden Zucker ermittelt; dabei ist, wie bei der Fructosebestimmung mit LuPFScher 
LOsung beschrieben wurde, x + y = 6 (Formel VI). DerFructosegehalt wird aus den Formeln V 
und VI berechnet. 


5 * 
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TADABHl YOSHIDA UND KAZUO YAMAFUJI 


TABELLE XVII. 


0,0328 n Jod 
in ocm 

lYuctose 
in mg 

0,0323 n Jod 
in ccm 

TVuotose 
in mg 

0,0323 n Jod 
in ccm 

Fructose 
in mg 

0,2 

0,7 i 

4.8 

17,8 

9,4 

34,9 

0,4 

1,4 

5,0 

18,1 

9,6 

86,7 

0,6 

2,2 

5,2 

18,8 

9,8 

86,6 

0,8 

2.9 

6,4 

19,6 

10,0 

37,8 

1,0 

3,6 

6,6 

20,4 

10,2 

38,1 

1.2 

4.3 

6,8 

21,2 

10,4 

38,9 

1.4 

6,0 

6,0 

22,0 

10,6 

39,7 

1,6 

6,8 

6.2 

22,7 

10,8 

40,6 

1,8 

6,5 

6,4 

23,5 

11,0 

41,4 

2,0 

7,2 

6,6 

24,3 

11,2 

42,2 

2,2 

7,9 

6,8 

25,1 

11,4 

43,1 

2,4 

8,6 

7,0 

26,9 

11,6 

44,0 

2,6 

9,3 

7,2 

26,6 

11,8 

44,9 

2,8 

10,0 

7,4 

27,3 

12,0 

46,8 

3.0 

10,6 

7,6 

28,1 

12,2 

46,6 

8,2 

11,3 

7,8 

28,9 

1 12,4 

i 47,6 

3.4 

12,0 

8,0 

29,7 

12,6 

48,4 

3,6 

12,8 

8.2 

30,4 

12,8 

49,3 

3,8 

13,6 

8,4 

31,1 

1 18,0 

60,2 

4,0 

14,4 

8,6 

31,9 



4,2 

15,1 

8,8 

32,7 



4,4 

15,8 

9,0 

33,6 



4,6 

16,6 

‘ 9,2 

34,2 




Die nach dieser Methode bestimmte Fructosemenge im Handelszuoker ist folgende (Ta- 
belle XVIII). 


TABELLE XVIII. 


{ 

i 

Fructose 
in % 

Glucose 
in % 


Fructose 
in % 

Glucose 
in % 

Handelszuoker 2 . . 

0,066 

0,074 

Handelszuoker 2 . . 

0,056 

0,078 


Wir haben Bchliesslich einige Handelsrobrzucker mit alkalischer Ferricyanidlosung (I), 
LuFFScher Ldsung (II) und mit OFNERscher Ldsung (III) getrennt nacb den oben bescbriebenen 
Methoden analysiert. Die Versucbsbeispiele in Tabelle XIX dienen als Belege ftlr die 
Leistungsfkbigkeit dieser drei Metboden. 


TABELLE XIX. 



Fructose in % 

Glucose in % 


Methode 

I 

Methode 

II 

Methode 

III 

Methode 

I 

Methode 

II 

Methode 

III 

Handelszuoker 1 

Handelszuoker 2 

0,063 

0,260 

0,260 

0,066 

0,089 

0,368 

0,364 

0,087 


1) T. Yoshida,KYamafuji, Enzymol. 9, 296(1941). — 2) T. Yosbida, Y. Iwata, K. Yamafuji, 
Enzymol. 2 , 842 (1938). ■— 8) K. Yamaligi, T. Yosbida, Enzymol. 6, 229 (1989). — 4) R. Ofner, 
Zs. f. Zuokerind. Czech. 60, 61 (1985). 
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L’action biochimique des dinitrod^riv^s sur le 
m^tabolisme des cellules de levure 

PAR 

L. VANDENDRIESSCHE 

{Lab. chim. physiol. ^ Ec. i6ter., Univ. Gand), 

( 28 . 1 . 41 .) 


L’aotion des dinitros a M investigee sous diff6rents points de vue, mais c’est surtout comme 
activateurs de la respiration qu’ils ont retenu Tattention (l). Cette activation a 6t6 reproduite 
sur du tissu broy6 et des extraits de tissu, mais jamais on n’a demontr^ une action sur des 
ferments ou des extraits fermentaires, qui aurait pu donner une interpretation des phenomtees 
oonsid6r6s. La principale hypothese, que les dinitros seraient des calalyseurs, tels que la pyocya- 
nine, le bleu de methylene et autres indicateurs du potentiel d’oxydo-reduction, a ete rejet^e 
par Grbville et Stern 2). En outre, Taction du cyanure, qui neutralise Teffet des dinitros sur 
la respiration, ne cadre pas avec cette hypothese, car la respiration portae par le bleu de methy- 
lene n’est pas inhibee par le cyanure. 

On sait ^galement que les dinitros stimulent la fermentation lactique du muscle et la fer- 
mentation alcoolique des levures (2), mais on n*a jamais montre une action pareille sur des 
ferments ou des extraits fennentaires. II est k noter aussi, qu’en concentrations plus fortes, 
les dinitros ont une action inhibitrice aussi bien sur la respiration que sur la fermentation (^). 

Ehrenpest et Ronzoni^) constatent que la teneur en phosphocr^atine du muscle et du 
muscle hach6 baisse sous Tinfluence des dinitros, mais n’observent aucune action sur des ex- 
traits musculaires. Ils sont d’avis que les dinitros stimulent la reaction 

Phosphocr6atine + Ac. ad^nylique :?± creatine + Ac. adenos. triphosphorique 

et que dans un extrait on ne peut observer aucun effet, car la vitesse y serait maximale. Pour- 
tant, ici s’impose une objection: en effet, si la vitesse est maximale, il y a toutefois la vitesse 
de reaction d’un ferment qui determine la vitesse du plienom^ne total: celle du ferment le flus 
lent. Si on parvient k augmenter cette vitesse, on augmentera la vitesse de tout le cycle des 
reactions. De meme, un inhibiteur ne se fera sentir que du moment ou Tinhibition d’un ferment 
ram^era sa vitesse de reaction en dessous de celle du ferment le plus lent. Centre Thypoth^se 
d’EHRBNFEST et BoNZONi, relevons aussi que les dinitros stimulent la fermentation alcoolique, 
ou la reaction susdite est inconnue. 

Un fait important reste cependant acquis: les dinitros stimulent aussi bien la respiration 
que la fermentation tissulaire, ils stimulent aussi bien la respiration que la fermentation des 
levures. II nous a sembl6 logique en ce cas de consid6rer Taction des dinitros comme un effet 
sur les reactions communes de ces deux ph6nom^nes. Or quelles sont ces reactions? II est inutile 
de d6tailler ici les reactions de la glycog^nolyse. Plus int6ressant est-il de noter que la respiration 
(pour le muscle tout au moins) aurait comme substrat normal les triose-phosphates qui passent 
par le cycle de reactions des acides dicarboxyliques en C^ de Szent-Gyoroyi®), alors par le 
syst^me Warburg-Kbilin, et sont finalement oxyd^s par Toxyg^ne mol^culaire. Cette con- 
ception cadre tr6s bien avec certaines observations de Krahl et Clowes 7) et de Cori et Cori ®). 

Kbahl et Clowes ont constat^, par voie spectroscopique, que lo temps de reduction du 
cytochrome C des levures est notablement raccourci sous Tinfluence des dinitros, k condition 
que Ton donne comme substrat du glucose. Si le substrat est du lactate, du pyruvate ou de 
Talcool, on ne per^oit aucune activation. Des r^sultats analogues ont obtenus par Gbnbvois 
et Saric ®), qui ne trouvent pas d’activation de la respiration en employant Talcool, Tac6tate 
ou la glycerine comme substrat. Nous avons tenu k confirmer ces r^sultats — en employant la 
methods manom4trique — , parce qu’ils rev6tent k notre avis une importance capitals: en effet. 
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il 8 localisent Tactivation causee par les dinitros entre les limites, glucose et aoide pyruvi- 
que. Nous avons d’ailleurs pu confirmer eomplMement les r^ultats des auteurs pr4oit4s. Nous 
avons en outre employ^ comme substrat rhexosediphosphate et nous n’avons pu d^montrer 
auoune activation par les dinitros, localisant ainsi leur action entre les stades glucose — hexose- 
diphosphate (tableau I). 

CoRi et CoRi ®), constatent que, dans le muscle de grenouille imbib 6 de Eingbr contenant 
du dinitro, la concentration de rhexosediphosphate augmente, celle de la phosphoor 6 atine 
diminue, tandis que celle du monophosphate reste inchang^e. Quand on considers les reactions 
impliqu 6 es: 

1) glycog^ne + n H 3 PO 4 ^ n hexosephosphate (ester de Cori) 

2) ester de Cori~> ester d’EMBDSN (irreversible, Cori) 

8) 2 ester d’EidBDBN + ATP ^ 2 ester de Harden-Young -f ac. ad^nylique et 
la reaction subsequente: 

4) 2 phospbocreatine + adenylique ^ 2 creatine + ATP, on explique aisement tous 
les faits en admettant une activation de la reaction 8 ). 

Tout ceci nous a porte naturellement k considerer de plus pres les reactions que nous ve- 
nous d’enumerer, et nous a amene k investiger Tinfluence des dinitros sur la glycogenotyse, 
et la glycolyse d’extraits fermentaires. Nous avons employe comme extrait fermentaire 
le sue de Lebedew, dont la glycolyse est caracterisee par un temps d*induction tres long. Le 
temps d’induction pendant lequel se forme de rhexosediphosphate, peut etre raccourci par 
r addition d’hexosediphosphate ou bien d'ATP (Lohmann i®)). 

En effet, les reactions qui menent du glucose k rhexosediphosphate sont: 

2 hexose + ATP ^ 2 hexosemonophosphate + ac. adenylique; 
r existence de cette reaction a ete prouvee par von Euler H), qui demontrait dans le 
,JZwischenferment'' de Warburg 12 ) I’existence d’un ferment, ,tpho8phorylase*\ et qui catalyse 
la reaction susdite. Plus tard, Meyerhof 12) a confirme ce resultat, en demontrant que 
rhexokinase transforme les hexoses en hesoxemonophosphates k Paide de PATP. 

Cette reaction est suivie par la reaction 8 ) de la glycogenolyse 
2 hexosemonophosphate + ATP 2 hexosediphosphate + ac. adenylique, 
dont Pexistence dans le sue de Lebedew a ete prouvee par SoHappNBR 14). L'hexosediphosphate 
induit indirectement une reaction secondaire 

hexose H^P 045 ± hexosemonophosphate (Schappnbr 14)), suivie k son tour par la reaction 8 ). 

Nous avons detailie ces reactions non seulement parce qu’elles ont jusqu’ici attire peu 
Pattention, mais surtout parce que nous avons constate une reduction tres sensible du 
temps d’induction par les dinitros, et ceci avec les dinitrophenols 1.2.4 et 1.2.5 dans des 
concentrations de 10”* M et 10“4 M; 10^® M est pres de la limite de Pactivation. Le dinitrophenol 
1 .2.6 par centre n*a aucune influence (tableau 11). Ceci est remarquable quand on sait que ce 
dinitro ne stimule pas la respiration (Magnb, Mayer et Plantbpol l)). Avec le mannose et 
le fructose comme substrat, le temps d’induction est aussi notablement raccourci, de memo 
qu’avec le saccharose (tableau 111 ). 

D’apr^ Meyerhof 1 *), avec le glyoog^ne comme substrat, il n’y aurait pas de p 6 riode 
d’induction. Nous avons toutefois, et dans toutes nos experiences, note un temps d’induction, 
et cela est tout a fait logique puisque PATP est aussi bien un facteur limitant pour la glyco- 
genolyse, que pour la glycolyse. Ce temps d’induction est raccourci par les dinitros (tableau IV). 

Ajoutons k tout ceci: 

1 ° — que les dinitros ne produisent aucune activation de la fermentation de Phexosediphosphate 
(tableau V). Ceci est k rapprocher de nos resultats etablissant que la respiration des cellules 
de levure n’est pas activ4e par les dinitros, quand on donne Phexosed4)hosphate comme substrat. 
2® — qu’ils raccourcissent la p 6 riode d’induction avec Phexosemonophosphate (ester de Nbu- 

*) ATP = aoide ad^nosinetriphosphorique. 

♦*) ou mieux aoide ad4nosinediphosphorique (Lohmann). 
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BBRo) oomme substrat (tableau VI). Tout cela nous fait oonclure que c'est bien la reaction: 

2 hexosemonophosphate + ATP ^ 2 hexosediphosphate + ac. ad^nyl. 

qui est aotiv6e par les dinitros, ce qui correspond d’ailleurs parfaitement avec les r^sultats 
pr6oit6s de Cori et Cori. 

Avec ramylum, nous n’avons jamais obtenu une fermentation, ce qui montre que les 
phosphorolases du glycog^ne et de Tamylum sont diff^rentes. Pourtant Tactivation du m6ta> 
bolisme des glucides des plantes, d^montre par Plantbfol 17 peut aisement etre expliqu6e 
par nos conclusions, car Hanes l®) a d6montre Texistence dans la farine de pois, d’un ferment 
qui phosphorolyse Tamylum, et d’un autre qui transforme rhexosemonophosphate, ainsi 
form6, en hexosediphosphate 4 Taide de TATP. 

Bien que les experiences pr^cit^es nous semblent suffisamment probaiites, nous avons 
tenu k les confirmer par d’autres methodes, et bien par les suivantes: 

1° — le sue de Lbbbdbw dialyse ne produit que la phosphorolisation du glycogene. Le ferment 
qui catalyse cette reaction n’est pas active par les dinitros (tableau VII). En omployant ici 
Tamylum oomme substrat nous n’avons pu demontrer aucune disparition du phosphore anor- 
ganique. 

2° — Temploi de ,,Acetonliefe'* a donne les memes resultats que Temploi du sue de Lebedbw. 

8® — la phase d’induction, raccourcie par I’ATP ou Thexodediphosphate, Test d’avantage par 
TATP ou Thexosediphosphate, ensemble avec les dinitros. 

4® — la disparition du phosphore anorganique est plus rapide en pr6sence de dinitro, aussi bien 
en employant le glucose que le glycogene comme substrat (tableau VIII). 

Enfin, il est k noter que tous ces faits ont 6t6 observes avec les dinitroph6nols 1.2.4 et 1.2.5, 
et pas avec le dinitroph^nol 1.2.6. Tout ceci nous permet de conclure que e’est bien une reaction 
commune k la fermentation et la respiration des levures, la fermentation et la respiration tissu- 
laires qui est stimul^e. 

D’autres faits importants demandent encore k etre expliqu^s. De plus fortes concentrations 
de dinitro inhibent aussi bien la respiration que la fermentation tissulaires, aussi bien la respi- 
ration que la fermentation des levures quel que soit le substrat, mais jamais on n’a pu reproduire 
ces faits sur des extraits fermentaires ou des ferments. En ce qui concerne les levures, nous avons 
pu constater, avec le sue de Lbbbdbw, une inhibition notable de la formation de COg, en em- 
ployant des concentrations de dinitro de 6 X 10~® M (tableau IX). Le temps d’induction 6tant 
raccourci tout comme pour la concentration 5 X 10“* M, nous pouvons en conclure que Tin- 
hibition a comme si^ge un stade ult^rieur 4 la formation d’hexosediphosphate. 

Une de ces reactions est la decarboxylation. Nous avons, en effet, pu demontrer que 
la carboxylase est fortement inhibee par les dinitrophenols 1.2.4 et 1.2.5, tandis que le 1.2.6 
est beaucoup moins toxique. D’autres dinitros, tels le dinitrocresol, le dinitrothymol, le dinitro- 
a-naphthol, le dinitroguajacol et le dinitropentyloxybenzol sont de forts inhibiteurs, tandis 
que le mononitrophenol p. et le phenol lui-meme ne le sont pas (tableau X). La toxicite se fait 
deja sentir dans des concentrations de 10~^ M. 

Ce dernier fait pourrait sembler contradictoire avec notre constatation que la fermentation 
alcoolique est seulement inhibee pour des concentrations 10“® M 5 X 10~* M. L’explication 
en est pourtant simple: en effet, d’une part notre sue de Lbbbdbw contient des quantites tres 
fortes de carboxylase, de telle fa^on que ce ferment ne devient le facteur limitant de la fermen- 
tation que dans des cas extremes. Nous avons pr6par6 la carboxylase en diluant le sue de 
Lbbbdbw cent fois. 

D’autre part, les prot6ines adsorbent des quantites assez fortes de dinitro, ce qui a pour 
effet de donner une id^ fausse des concentrations n4cessaires au raccourcissement de la p4riode 
d’induction. 

De plus amples experiences ont d^montre que Tinhibition de la carboxylase est plus forte 
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en anaerobiose qu’en aerobiose (tableau XI) et que rinhibition est r^venible (tableau XU). 

Nous ne pouvons cependant pas oonclure qu*auoun autre ferment n’est inhib4 par les di- 
nitros. Ainsi, on pourrait citer que I’oxydation de TalGool par des levures est entrav6e par les 
dinitros. Notons toutefois que d*aprte Wibland c.8. Toxydation de Talcool passe par Tacide 
pyruvique et qu’il suffit done, d’admettre une inhibition de la carboxylase pour expliquer 
I’influence des dinitros sur Toxydation de raloool. 

Fxbld c.s.^) ont d4montr4 que Taotivation et rinhibition disparaissent aveo raloalinit4. 
Nous avons pu confirmer ces faits. En outre nous avons observ4 les m4mes faits pour nos ex- 
traits fermentaires aussi bien pour Tactivation de la glycolyse, que pour rinhibition de la 
carboxylase (tableaux XIII et XIV). 

Mbybrhof a d4montr4 que le bleu de m4thyl4ne raccourcit le temps d*induction, tandis 
que Miohablis 2^) a constate que le bleu de m4thyl4ne inhibe la carboxylase. Ici pourtant, 
rinhibition est plus forte en aerobiose et rinhibition est irreversible (tableau XV). 

II est peut 4tre mt4ressant de noter que les dinitros, tout comme le bleu de m4thyl4ne, sent 
des hyperthermisants; que la thyroxine, autre h 3 rperthermiBant, fait baisser la concentration 
de la phosphoor4atine dans le muscle cardiaque (Schumann 1^)), que Com et Com 8) ont ob- 
serve une baisse identique causee par les dinitros dans le muscle de grenouille et que toutes les 
inhibitions et activations que nous avons pu mettre en evidence se rapportent aux dinitrophe- 
nols 1.2.4 et 1.2.5, et non au dinitrophenol 1.2.6, qui ne produit pas d*hyperthermie. 


Partie experimentale. 

La plupart des experiences sent faites k Taide de rappareil de Wauburo. Sauf avis contraire, 
]*atmos^ere est de rair et la temperature est de 26° C. 

I. Influence du dinitrophenol 1.2.5. sur la respiration des cellules de levure avec I’hexose diphos- 
phate comme substrat. Chaque appareil de Warburg contient: 0,7 ml. d’une suspension k 1,4% de 
levure de boulangerie, et respectivement 0,7 mgr. de KH^POi M/20 ou de dinitroph6nol 1.2.6. (con- 
centration finale 10“* M). Ensuite 0,3 ml. d'hexosediphosphate k 6%. 0,2 ml. de KOH 10% pour 
absorber le CO,. 

Les resultats sont donnes en mm^ de O, de 10 en 10 minutes pendant 40 minutes (tableau I). 


TABLEAU I. 


levure 

phosphate 

hexosediphosphate 

levure 

dinitrophenol 

hexosediphosphate 

50 

64 

49 

54 

54 

62 

46 

60 

50 

61 

62 

64 

44 

51 

67 

68 

44 

60 

43 

48 

212 

198 

193 

198 

200 


II. Influence des dinltrophdnols sur la phase d’induction du sue de Lebedew avec le glucose 
comme substrat. Chaque appareil de Warburg contient t 0,7 ml. de sue de Lebedew, et respec- 
tivement: 0,7 ml. de phosphate primaire M/20 ou de dinitrophenol (concentration indiqu^). Ensuite 
0,8 ml. de glucose (concentration finale M/20). 

Nous prenons comme fin de la phase d'induction le moment de la mise en liberte des 300 premiers 
mm* de GO, (correspondant k peu pres k 1 mgr. de glucose). 

Le tem|^ est exprime en minutes (tableau II). 
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TABLEAU II. 



levure 

phosphate 

glucose 

levure 

dinitro 10^ M 
glucose 

levure 

dinitro 10”® M 
glucose 

levure 

dinitro 10”® M 
glucose 

Dinitroph^nol 

140 


116 

130 

1.2.4 

140 

— 



135 


65 

55 

60 

65 


120 

86 




75 

66 




75 

65 




115 

90 




150 

130 




86—90 

76 




116 

96 



Dinitroph4nol 

96 



75 

— 

1.2.5 

110 

40 

90 

105 


110 

30 

90 

110 


115 

40 




120 

30 




105 

30 




60 

20 




70 

30 




65 

35 




65 

30 




60 

25 




60 

25 




45 

20 




25 

15 




40 

20 




50 

15 



Dinitroph4nol 

115 

116 





1.2.6 

126 

130 

125 

125 


130 

135 

130 

130 


III. Influence des dlnitros sur la phase d’induc* 
tion, avec diffdrents substrats. Chaque appareil de 
Warburg contient: 0,7 ml. de sue de Lbbedew et 
respectivement 0,7 ml. de phosphate primaire M/20 ou 
de dinitroph^nol 1.2.5 (concentration finale 10”® M). 
Ensuite: 0,3 ml. de fructose (tableau III A) de mannose 
(tableau III B) ou de saccharose (tableau III C), en 
concentrations finales de M/20. 

Les r6sultats sont donnas en mm® de CO 2 dans les 
intervalles indiqu6es. 


TABLEAU III A. 


Temps 

en 

min. 

Lebed BW 
phosphate 
fructose 

Lebedew 

dinitro 

fructose 

0— 5 i 

2 1 

10 

6—10 

10 

158 

10—15 

154 

± 320 

16—20 

dr 310 j 



TABLEAU III B. 


TABLEAU III C 


Temps 

en 

min. 

Lebedew 

phosphate 

mannose 

Lebedew 

dinitro 

mannose 

(V— 5 

0 

6 

6—10 

0 

46 

10—20 

6 

± 360 

20—30 

54 



80—40 

194 

— 


Temps 

Lebedew 

Lebedew 

en 

phosphate 

dinitro 

min. 

saccharose 

saccharose 

0— 6 

0 

12 

6—10 

2 

160 

10—16 

96 

308 

16—20 

216 

294 
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IV* Influence des dinitros sur la glycogdnolyse. Chaque appareil de Warburg contient 0,7 ml. 
de sue de Lbbbdbw, 0,7 ml de phosphate primaire ou de dinitroph^nol 1.2.5 (concentration finale 
10** M), et 0,8 CO de glyco^^ne k 0,6%. 

Les r^sultats sans dinitro sont marqu68 A, ceux avoc dinitro sont marques B; ils sont donn^es 
en mm* de CO, de 5 en 6 minutes pendant une demi heure (tableau IV). 


TABLEAU IV 


A 

B 

A 

B 

Bi 

B 

A 

B 

A 

B 

A 

B 

0 

12 

0 

24 

2 

18 

2 

16 

0 

6 

0 

6 

8 

20 

8 

82 

18 

46 

16 

42 

6 

88 

6 

88 

20 

22 

26 

24 

42 

24 

88 


6 

14 

6 

14 

20 

22 

28 

20 

24 

18 

18 

18 

16 

16 

20 

16 

14 

20 

18 

18 1 

16 

18 

12 

18 

20 

10 

20 

10 

14 

22 

16 

22 

14 

18 

10 

16 

18 

14 

20 

14 


V. Influence du dinitroph^nol 1.2.5. sur la fermentation de rhexosediphosphate. Donnies 

oomme pour le n° IV, ^ part que le substrat est Thexosodiphosphn t e a 5%. 


TABLEAU V. 


Formation de 

CO, 

apr^s 

Lebedew 

phosphate 

hexosediphosphate 

Lebedew 

dinitro 

hexosediphosphate 

5 minutes 

14 

12 

10 minutes 

28 

24 

15 minutes 

46 

48 

20 minutes 

64 

72 


VI. Influence des dinitros sur la fermentation de rhexosemonophosphate. Les donn^es sont 
les mdmes que pour le n® V, raais le substrat est rhexosemonophosphate (ester de Neubero) 5%. 
Les r^sultats sont donnas en mm* de CO, de 6 en 5 minutes pendant 25 minutes (tableau VI). 


TABLEAU VI. TABLEAU VIL 


Lebedew 
phosphate 
ester de Neubbrg 

Lebedew 

dinitro 

ester de Neubero 

i 

6 

8 

18 

88 

80 i 

20 

20 ; 

10 

10 

— 


Temps 

en 

minutes 

1 

Lebedew 

tampon 

glycog^ne 

i 

Lebedew 

dinitro 

glycog^ne 

16 

240 

200 

80 

290 


45 

850 


60 

360 

360 


VII, Influence des dinitros sur la pliosphoroiase. Mesure du phosphate inorp;anique suivant 
Kuttnbr et Lichtenstein 22). Chaque tube contient: 0,7 ml. de sue de Lebedew dialyse, et respeo- 
tivement 0,5 ml. de solution tampon (phosphate) de ph 7, ou de dinitroph^nol 1.2.5 (concentration 
finale 10** M). Ensuite 0,5 ml, de glycog^ne k 8,6% comme substrat. 

De 15 en 15 minutes nous enlevons 0,05 ml. qui servent k la mesure du phosphate inorganique. 
Les r^Bultats sont donnas en y de phosphore inorganique est^rifi^ (tableau VII). 
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TABLEAU VIII B 


temps 

en 

minutes 

Lebedew 

phosphate 

glucose 

Lebedew 

dinitro 

glucose 

16 

0 

360 

20 

0 

720 

26 

170 

790 

30 

170 

840 

40 

1 500 

840 

60 

740 

840 


temps 

en 

minutes 


Lebedew 

phosphate 

gly(*-og6ne 


Lebedbw 

diuitro 

glycog^ne 


VllL Influence des dinitros 8ur la dlspaiition du phosphate inorganlque. Methods de Kuttner 
et Lichtenstein. 

Ohaque tube contient 0,7 ml. de sue de Lbbbobw, et 0,7 ml. respeotivement de phosphate pri- 
maire ou de dinitroph^nol 1.2.6, (concentration 10^ M). Ensuite, 0,3 ml. de glucose (concentration 
finale M/20) ou de glycog^ne a 3,6%. 

Sur les temps indiqu6s nous enlevons 0,06 ml., servant & la mesure du phosphate inorganique. 

Les r^sultats 

TABLEAU VIII A sont domi6s en y TABLEAU VIII B 

, , - de phosphore in- i ' — 

temps Lebedew Lebedew organique est^ri- 

en phosphate dinitro fi6 dans les temps temps Lebedew Lebedew 

minutes glucose glucose donnas. en phosphate diuitro 

- Le tableau minutes glyc'Dg^ne glycog^ne 

16 0 360 VIII Adonneles 

20 0 720 r6sultats avec le 

26 170 790 glucose comme ]0 1240 490 

30 170 840 substrat. Le ta- 15 ooq 57 q 

40 500 840 bleau VIII B 20 490 840 

60 740 840 ceux avec le gly- 

' cogdne. ... — 

IX. Inhibition de la glycolyse par le di- TABLEAU IX. 

nitrophdnol. Chaque appareil de Warburg T-T-r-rr-r i ■ :iir"'!:r=^ 

oontient;0.6inl.de9ucdeL^EDEW,etl,lml. Lebedbw Lbbebbw Lebedew 

i^pectivement de phosphate primajre ou de phosphate dinitro M/200 dinitro M/2000 

dinitroph6nol 1 2.5 Ensmte 0 3 ml. de glu- I* 

cose (concentration finale M/20). & & » 

Les r^sultats sont donnas en mm* de 

CO, de 10 en 10 minutes (tableau IX). 2 6 12 

X. Inhibition de la carboxylase par les di- ^ .Vi },ti 

nitros. Chaque appareil de Warburg con- p ^ 

tient, 0,7 ml. de carboxylase et 0,7 ml. res- ^ 

S ectivement de phosphate primaire ou d6riv4 q 

e dinitro. Ensuite: 0,3 ml. de pyruvate (con- 74 . 

centration finale M/20). io/ j _ 

Les r4sultats sont donnas en mm* de CO, ^ 

Iib6r6s en 20 minutes (tableau X). i- ! ■ 

TABLEAU X. 


carboxylase carboxylase carboxylase carboxylase 

phosphate DNT 10-»M DNT IQ-^M DNT 10-*M 
pyruvate pyruvate pyruvate pyruvate 


TABLEAU IX. 

Lebedew 

Lebedew 

Lebedew 

phosphate 

dinitro M/200 

dinitro M/2000 

glucose 

glucose 

glucose 

2 

5 

12 

4 

12 

141 

2 

152 

()77 

5 

160 

— 

2 

144 

— 

9 

108 

— 

120 


— 

621 

j 

60 




carboxylase 

phosphate 

pyruvate 

carboxylase 
DNT 10-»M 
pyruvate 

carboxylase 
DNT 10-^M 
pyruvate 

dinitroph^nol 2.6 

172 

8 

22 


183 

10 

22 

dinitroph^ol 2.4 

256 

— 

29 


223 

— 

56 

dinitroph^nol 2.6 

214 

164 

193 


202 

164 

180 

dinitrocr^sol 4.6 

143 

20 

119 


148 

21 

121 

dinitro-a^naphtol 2.4 .... 

147 

2 

70 

140 

4 

60 

dinitro-cyclopentyl-oxybenzol 

161 

2 

37 


164 

9 

61 

dinitro thymol 2.4 

193 

2 

162 


158 

16 

109 

dinitroguajaool 4.6 .... 

183 

73 

180 

218 

107 

180 

mononitroph6nol p 

170 

148 

159 


140 

127 

138 

ph6nol 

160 

127 

150 

160 

133 

148 
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XL Inhibition de la carboxylase en aerobiose et anaerobiose. Ohaque appareil de Wabburo 

contient: 0,7 ml. de carboxylase et 0,7 ml. respectivement de phosphate primaire ou de dinitroph^nol 
1.2.5. Ensuite 0,3 ml. de glucose (concentration finale M/20). 

Les experiences ont lieu en une atmosphere d’air ou d’azote purifie. Les r^sultats sont donnas 
en mm* de COj liberes en 20 minutes (tableau XI). 


TABLEAU XI. 


Concentration 

finale 

du 

dinitroph6nol 

carboxylase 
phosphate 
pyruvate 
atmosphere :air 

carboxylase 

dinitro 

pyruvate 

air 

carboxylase 

dinitro 

pyruvate 

azote 

10-« M 

294 

1 22 

14 

10-^ M 

205 

! 42 

33 

2 X 10-* M 

173 

1 


IQr^ M 

1 

181 

110 

73 


XIL Rdversibilite de Tinhibition de la carboxylase. Chaque appareil contient: 1,4 ml. d'un 
liquide qui se compose, soit de 0,7 ml. de carboxylase et de 0,7 ml. de phosphate primaire, soit de 
0,7 ml. de carboxylase et de 0,7 ml. de dinitroph^nol 1.2.5 (concentration finale 6 x 10“* M). Une 
par tie de ce liquide a 6t6 dialys4 avant I’emploi, I’autre ne I’a pas 4t6. Ensuite il est ajout4 0,3 ml. de 
pyruvate (concentration finale M/20). 

Les r^sultats sont donnas en mm* de CO, de 5 en 5 minutes pendant une demi heure (tableau XII) 


TABLEAU XII. 


carboxylase 
et phosphate 
dialysis 
pyruvate 

carboxylase 
et dinitro 
dialysis 
pyruvate 

carboxylase 
et phosphate 
non dialysis 
pyruvate 

carboxylase 
et dinitro 
non dialysis 
pyruvate 

9 

10 

48 

15 

7 

14 

48 

12 

8 

16 

40 

9 

16 

18 

35 

5 

14 

12 

24 

5 

16 

14 

26 

2 

70 

84 

221 

48 


XIII. Influence du ph sur Taction des dlnitros: phase d’inductlon. Chaque appareil contient: 
0,7 ml. de sue de Lbbbdbw, et 0,7 mol. respectivement de solution tampon ou de dinitroph6nol 1.2.6 
(concentration finale 10^ M). Ensuite 0,3 ml. de glucose (concentration finale M/20). Nous prenons 
oomme fin de la phase d’induction le moment de la mise en liberie des 300 premiers mm* de CO, 
(correspondant k peu pr^s k 1 mgr. de glucose). 

Le temps est exprim4 en minutes (tableau XIII). 


TABLEAU XIII 


ph 

Lebeoew 

phosphate 

glucose 

Lbbedew 

dinitro 

glucose 

3,9 

60 

10 

4,5 

60 

15 

5,0 

65 



76 ‘ 

35 

6,9 

110 

1 

60 
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XIV. Influence du ph sur Taction des dinltros: Inhibition de la carboxylase. Ohaque appareil 
contient: 0,7 ml. de carboxylase et 0,7 ml. respectivement de solution tampon phosi)hate ou dini- 
troph^nol 1.2.6. Ensuite, 0,3 ml. de pyruvate (concentration finale M/20). 

Les r6sultats sont donn6s en mm® de COj Iib6r6s en 20 minutes (tableau XIV). 


TABLEAU XIV. 


ph 

carboxylase 

phosphate 

pyruvate 

carboxylase 
DNP 10-®M 
P5rruvate 

carboxylase 
DNP lO-^M 
pyruvate 

carboxylase 
DNP 10“®M 
pyruvate 

4,6 

205 

14 

42 



172 

10 

22 

106 

6,6 

169 

26 

117 

164 


217 

44 

130 

195 


XV. Inhibition de la carboxylase par le bleu de mdthyl^ne: Chaque appareil contient; 0,7 ml. 
de carboxylase, et 0,7 ml. respectivement de phosphate primaire ou de bleu de m6thyl^ne (concen- 
tration finale 10“® M). Ensuite, 0,3 ml. de pyruvate (concentration finale M/20). Les experiences ont 
lieu en une atmosphere d’air ou d’azote purifi6. 

Les r6sultats sont donnas en mm® de COj de 5 en 5 minutes pendant 20 minutes (tableau XV). 


TABLEAU XV. 


carboxylase 
phosphate 
pyruvate 
atmosphere : air 

carboxylase 
bleu de methylene 
pyruvate 
atmosphere : air 

carboxylase 
bleu de m6thyiene 
pyruvate 
atmosphere :azote 

106 

42 

46 

60 

20 

37 

60 

18 

35 

38 

10 

28 


Resume. 

1®. L’augmontation de la vitesse de la respiration et de la fermentation des levures 
pent s’expliquer par Tactivation de la reaction: 

2 hexosemonophosphate + ATP :i± 2 hexosediphosphate + Ac. adenylique. 

D’apr^s nos experiences c’est k Tactivation de cette reaction, qu’est imputable le rac- 
courcissement de la pdriode d’induction dans la fermentation du sue de Lebbdew. 

2®. L’inhibition est, au moins en partie, imputable k Tinactivation de la carboxylase. 
3®. Gr&ce aux faits experimentaux cites dans ce travail, on peut expliquer tons les 
faits observes concernant Taction des dinitros sur les cellules de levure. 


Les dinitrod6riv6s nous furent pr6t6s aimablement par Tinstitut de Th6rapie et de Pharmaco- 
logie du prof. Heymans. 

L' adenosine triphosphate nous fut gracieusement envoy6, comme sel de Ba par Dr. Sullmann 
de B&le, comme sel de Ca, par Dr. I. Banoa, k Szeged. A tous nos plus vifs remer elements. 

Je prends un vif plaisir k remercier ioi tout sp6cialement le Dr. L. Massart. C’est sous sa direc- 
tion et aveo son aide si efficace, que ce travail a 4t4 port6 k bonne fin. 
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tJber den Abbau der Bernsteinsaure vermittels 

Chinonkatalyse 

im Modell und seine Hemmung durch Dimedon 

VON 

PETEB MABQUAEDT 

(PharmoLZ. Aht. d£r Byk-Guldenwerke, Oranienhurg hei Berlin). 

Mit 2 Figuren im Text. 

(25.11.41.) 


In einer friiheren Mitteilung ist ein Modell beschrieben worden 1), in dem der Abbau der 
Bernsteinsaure zu Acetaldehyd ohne Fermente aus Geweben und ohne zellfreie Gewebsextrakte 
nur unter Zusatz von Adrenalin, also durch Chinonkatalyse, wahrscheinlich gemacht wurde *). Da- 
mals wurden u.a. Ansatze betrachtet, die 2 g Adrenalin in 200 ccm 1 %iger Bernsteinsaure enthiel- 
ten. In einem von diesen Kolben war zum Abfangen des aus der Bernsteinsaure entstehendon 
Acetaldehyds nach Nbubbrg 2) Dimedon hinzugesetzt. Bei der Betrachtung fiel auf, dass der 
Kolben mit Dimedon zu einer Zeit eine orangefarbige Farbung aufwies, in dor der Inhalt des an- 
deren eigentlich nur noch als schwarz zu bezeichnen war. Dieser Farbunterschied wurde bereits so 
gedeutet, dass die Oxydation auf der Stufe des Adrenochroms dadurch langer verweilte, 
dass der Acetaldehyd, das reaktionsfreudige Endprodukt der Abbaureihe der Bernsteinsaure, 
durch Dimedon abgefangen wurde. Es erscheint nun wesentlich, fostzustellen, ob eine der- 
artige Losung noch blutdruckwirksam ist. Nach der in der ersten Mitteilung angegebenen 
Formel (1) ftir die erste Eeaktion der Abbaukette ware diese Wirkung zu fordern. 


( 1 ) 


0 



CHj COOH 

I 

CH, COOH 


OH 


CH COOH 

II 

CH COOH 



(Der Einfachheit halber wurde in der Formel die Seitenkette des Adrenalins weggelassen). 

Die Blutdruckwirkung einer solchen Losung kann also dariiber hinaus indirekt das Fehlen 
des Acetaldehyds beweisen, denn es ist bekannt, dass Acetaldehyd Adrenalin in hohem Masse 
inaktiviert (Rico und Baptista 7), Baybr und Wbnse ®)) . Wbnse 2) fiihrte anhand der Luminol- 
reaktion diese Oxydationsbeschleunigung des Adrenalins (denn um eine solche handelt es sich 
bei der Wirkung des Acetaldehyds) auf das Auftreten eines Peroxydes bei langerem Stehen 
zuriick. Da nun dem Acetaldehyd eine besondere Aktivitat in der Adrenalinzerstorung zugo- 
schrieben werden muss, so muss nach Abfangen des Acetaldehyds in der verfarbten Losung 
noch eine pharmakologische Wirkung vorhanden sein, da beim urigehemmten Ablauf der Beak- 
tion zwischen Adrenalin und Bernsteinsaure (also ohne Dimedon), wio auch schon die Farbe er- 
kennen lasst, der Verlauf ein wesentlich andere^ ist; eine Wirkung der braunschwarzon Losung 
(ohne Dimedon) ist nicht zu erwarten und war auch experimentell nicht zu findeii. 

Wenn man diesen Gedanken kurz zusararnenfasst, so ergibt sich, dass der Acetaldehyd Adre- 
nalin stark zu inaktivieren vermag. Weiter ergibt sich aus meinen Untersuchungen, dass 
man, wenn man die Farbe von Adrenalinlosungen in Bernsteinsaure betrachtet, eine erhebliche 
Verzogerung der Verfarbung erhalt, wenn man der Losung ein Mittel (Dimedon) zusetzt, das den 

♦) Die Beschleunigung der Oxydation des Adrenalins durch C 4 -Dicarbonsauren, vorziiglich Bern 
stein- und Fumarsaure, wurde von mir mehrmals beschrieben (3,4, 5,6), 
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Aoetaldehyd abf&ngt. Daraus kann indirekt gesohlossen warden, dass das Abfangen des Acetal- 
debyds weitgehend gelungen ist, wenn einer solohen verflirbten L5sung nooh eine Blutdnick- 
wirkung zukoxnmt. 

Zur Priifiing wurde folgender Versuch untemommen (Fig. 1); 

Ansatz vom 81.3.1939, beobachtet am 21.10.1939 (also naeh sieben Monaten). Die L6sung weist 
eine orangerote Verfkrbung auf. Es wurde eine Menge mjiziert, die 100 y Adrenalin entspricht. 



IlilLillimillilUlllllJJlllilijfuUitilllliUllllliiU 

Fig. 1. Karotisblutdruckversuch am Kanin- 
chen. Hg-Manometer, Aethemarkose. Zeit- 
schreibimg 10 sek. 



Fig. 2. Karotisblutdruckversuch. Ka- 
ninchen 3,5 kg, Urethannarkose; 9 mg 
Atropin Hg-Manometer, Zeitschrei* 
bung: 4 Sek. Injektion einer Menge der 
beschriebenen Losung entsprechend. 

50 Y Adrenalin des Ansatzes. 


Eb zeigt sich in dem Versuch, dass die Blutdruckwirksamkeit in hohem Masse erhalten ge- 
blieben ist. 

Dieser Versuch wurde mit einer Losung von 0,5 g Adrenalin und 0,6 g Dimedon in 20 ccm 1 %- 
iger Bemsteinsaure (angesetzt am 11.9.1989) wiederholt. Die Losung wurde am 20.12.89 und am 
27.1.41 filtriert und ohne jede Vorsichtsmassnahme im Laboratorium aufgehoben. Sie stellte sich 
innerhalb eines Vierteljahres auf eine konstante blutrote Farbe ein, die bis zum heutigen Tage 
(1.2.1941 = fast 1^ Jahre) erhalten blieb. Schon die Farbe beweist, dass hier eine konstante 
Gleichgewichtslage zwischen Adrenalin und Adrenochrom vorliegt, wie sie auf eine 
andere Art (z.B. Stabilisierung mit Ascorbinsaure) in dieser Konstanz bisher nioht zu erzielen ist. 
Die erhebliche Blutdruckwirksamkeit (siehe Fig. 2) kann daher nicht Oberraschen. (Das cholinerge 
Nervensjstem wurde durch Atropin ausgeschaltet). 

Da in beiden Versucben die Blutdruckwirkung erhalten blieb, so konnen diese Ver- 
suche im Sinne der vorgetragenen Ansicht indirekt als weitere Bestatigung der fruher (^) 
mitgeteilten Befunde gelten. Die Stabilitat der Farbe in der Losung kann im gleiohen 
Sinne gedeutet werden, n5.mlich dass das Abfangen des Aoetaldehyds gelungen ist. 


1) P. Marquardt, EnzymoL, 6, 825 (1989). — 2) C. Neuberg, in 0. Oppenheimer-L. Pinoussen, 
Methodik der Fermente, Leipzig 1929. — 8) P. Marquardt, Klin, Woch. 17, 1445 (1938). — 4) id. 
Klin. Woch. 18, 252 (1989). — 5) id., Klin. Woch. 18,287 (1939). — 6) id., Zs. exp. Medizin 107, 179 
(1940). — 7) Toscano Bico, Malafaja Baptista, Soo. Biol. 118, 1118 (1985). — 8) G. Bayer, Th. Wense, 
Arch, fiir exp. Path. 188, 114 (1987). — 9) Th. Wense, Zs. physiol. Ghem. 260, 100 (1989). 
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Some properties of crystalline papain: 

Stability toward heat, ph and urea; ph optimum 
with casein as substrate *) **) 


BY 

HANS LINEWEAVER ***) and SIGMUND SCHWIMMER 

(Enzyme Res. Labor., Bureau of igr. Chern. anti Eng., V.S.D.A.) 
With 5 figures. 

(20JI.41.) 


This paper describes certain properties of crystalline papain (Balls and Linbwea- 
VBR^)) that have been encountered in connection with the investigations of that sub- 
strate in this Laboratory. 


Materials and methods. 

The hemoglobin substrate used in the stability studies was prt'pared as described by Anson 2) 
The casein substrate used in the ph optimum stupes was prepared from Hammarsten’s casein bj 
solution in dilute alkali (ph = 8) and by heating the solution at 90® for about 30 minutes. The solution 
was then cooled, diluted, and adjusted to the experiment al conditions desired. Urea was used as a 
solvent aid in the cases indicated. 

The crystalline enzyme was that of Balls and Lin ewe aver 1). Tlie latex enzyme was a fresh 
water or salt extract of undried latex that had been collected, canned, shipped by air mail from 
Hawaii, and then stored at 0® C. until needed. The high salt fraction enzyme was the residual enzymt' 
(more soluble protein) material from which crystalline papain had been prepared. 

Activation, using cyanide, was carried out essentially as doscribod by Anson 2) and by Balls 
and Linbweavbr. 

The method described by Anson was used in determining thi‘ amount of hemoglobin sub- 
strate made soluble in trichloracetic acid by the enzyme (see also Balls and Lin ewe aver). The 
formol titration method employed is essentially that described by Northrop and Northrop and 
Kunitz 3). The milk-clotting method described by Balls and Hoover 4) had been used as adapted 
by Balls and Linbweaver. 

Experimental results. 

ph Stability of Crystalline Papain — Kraut and Bauer &) report the stability opti- 
mum of a papain solution to be in the range of ph from 5 to 6. The data reported in Fig. 1, which 
confirm those authors, also show that crystalline papain is not rapidly inactivated at 30° be- 
tween ph 3 and 12. However, the enzyme is rapidly inactivated near ph 2 and 13. No data have 
been obtained on the stability of papain in the presence of various activators and impurities 
such as metals and oxidizing agents. The kinetics of inactivation are complicated by some factors 
unknown at present. For example, it may be noted (Fig. 1) that the per cent inactivation for 
the first 15 minutes is unexpectedly large compared to the per cent inactivation occurring during 
the next 105 minutes. From these data it is not possible to choose between several more or less 
obvious explanations including the possible presence of two or more proteins having papain 
activity. The broad limits of the ph stability are, however, fairly definite. 

The lower limit of stability indicates that crystalline papain is of little value as an 
anthelmintic if it has to first pass through a stomach w^hose ph is below 2.3. Although crystalline 

*) Enzyme Research Laboratory Contribution No. 68. 

•♦) This work was done under Special Rese€u*ch Fund No. SRF-2-9 provided by the Baiikhead- 
Jones Act. 

♦♦’►) Now with the Western Regional Laboratory, Albany, California. 

Bnzymologla. Vol. X, 1. 
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papain will digest Ascam lumhricoides m vitro, as shown by Bbrobb and Asbnjo it is doubt- 
ful if it will survive the acidity and other destructive agents that may be in the gastric juice. 
This conclusion is similar to that of Kuitunen-Ekbaum ?) with regard to the anthelmintic 
activity of pineapple juice. He showed that gastric juice or 0.2 per cent HCl destroys the in 
vitro worm digestive effect (bromelin) of the juice and that oral administrations to living animals 
were ineffective in three cases. Tashiro and Schmidt state that, „it (papain) is harmless to 
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peptic digestion as the optimum conditions of 
peptic digestion destroy papain'\ *) 

The ph Optimum of Papain (on 
casein) — Willstattbr and Grassmann 
and Willstattbr, Grassmann and Am- 
BROS 1®) working with fibrin, albumin pep- 
tone and gelatin concluded that the ph 
optimum of papain coincided with the iso- 
electric point of the substrate. Since that 
time a number of workers, apparently with- 
out further test, have used the isoelectric 
points of the substrate (protein) when stu- 
dying the action of papain. For example, 
SvEDBBRO and Erikson H), and An- 
NETTS 1^^) used ph 6 for a study of the 
digestion of egg albumin; Leipert and 
Hapner 18) used ph 5 for a study of casein 
digestion; Balls, Swenson and Stuart 
measured casein digestion at ph 4.7 pl.m. 0.1 
and Jorgensen i®) measured the increase of 
soluble nitrogen formed from casein at ph 


pH 


4.62. On the other hand, Fabrb l®) has in- 


FIGURE I 

The ph stability of crystalline papain at 30°. The 
inset gives the ratios of the milk-clotting activi- 
ties after standing at the ph values indicated for 
2 hours and for 15 minutes. The main figure gives 
the units of activity remaining after the times 
indicated. The ph of the dialyzed enzyme solution 
used for these experiments was 6.8. Cyanide was 
used as activator after the samples had been retur- 
ned to ph 6,0 i 0.6. The phs were determined 
with a glass electrode except for ph 13.2 which 
was calculated. 


dicated that the ph optimum for casein 
digestion is near ph 7, and Sato 1?) reported 
an optimum of 6.6. Anson 8) in reporting a 
method for the assay of papain stated that 
papain like trypsin digested such proteins as 
hemoglobin and casein most rapidly in 
slightly alkaline solution. Willstattbr and 
Grassmann 8) themselves had proposed the 
isoelectric point theory with the knowledge 
that observationally the optimum for ca- 
sein *’*') was on the alkaline side of the iso- 


electric point. 

The data here reported confirm the reports of the authors who claim that the optimum 
ph for the digestion of casein by papain is near ph 7. The initial rate of digestion of casein as 
measured by the formol titration is shown in Fig. 2. A further refutation of the concept that 
the ph optium of proteolysis by papain coincides with the isoelectric point of the substrate is 
given by the fact that the optimum using egg albumin is on the alkaline side of the isoelectric 


♦) Raw papaya latex has, however, recently been found in this laboratory (unpub. data of 
Balls and Jansen) to contain a proteolytic enzyme more resistant to acid than the crystalline papain 
studied here. 

**) Willstattbr and Grassmann 8) p. 188. ,So kann mf dem Substrat in atkaUsdhem Medium 
eine vid grOssere Konzentration des Ensyms hergestdU und die geringere BeaMumsgesehwmdigkeit 
hei aXkaliseher Reaktion dadurch iiherdeckt sein,^* 
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point of egg albumin ♦). Greenberg and 
WiNNiOK 18) have determined a more 
complete ph optimum curve for papain 
acting on denatured egg albumin and find 
the optimum to be near ph 7.0 *). We ob- 
served that the digestion of heat denatured 
egg albumin (prepared from a 8-times cry- 
stallized sample) at ph 4.5 and 7.1 gave a 
rate at the high ph several fold greater than 
at the low ph. The rate of formation of non- 
protein material that would yield a color with 
the tyrosine phenol reagent was determined. 

Essentially, the substrate consisted of 1.7% 
protein, M/15 phosphate and 85% urea. 

Tests with the materials used in this 
investigation showed that casein in 40% urea 
at 80° C. is stable at ph 5 to 6 for at least 28 
hours; and that the enzyme preparations 
used had no urease action and were not 
sensitive to 0.1 M citrate at ph 5.4, to 0.1 M 
phosphate at 8.0, or to caprylic alcohol. 

The rate of digestion of gelatin at ph 
4.0 or 6.4 (citrate buffer) was observed to 
be only about 60% of the rate at 5.2. This 
is in agreement with Willbtattbr and 
Grassmann 8) whose data show a ph op- 
timum of 5 for gelatin digestion by papain. 

Thennostability of Crystalline Papain — Undbrrain i®) reports that 15 minutes at 
60° hardly affects the activity of a papain solution, but one minute boiling inactivates it com- 
pletely. Harley (see Oppbnhbimbr 2®)) 
states that papain is weakened at 75° and 
destroyed at 82.5° C. These results are 
essentially applicable to crystalline papain 
also where loss of activity is observed first 
near 70°. The inactivation curves for 3 
minutes and 30 minutes exposure are 
shown in Fig. 3. No special inferences 
should be drawn from the shapes of the 
curves. It is apparent, however, that a 
dialysed solution of papain at ph 6.5 pl.m. 
0.5 is sensitive to temperature for short 
exposure times at 75 to 80° but for longer 
times it is sensitive even below 70° C. The 
temperature sensitivity is, within the 
limits of error, the same as that found by 
WiNNiOK, Davis and Greenberg 21) for 


•) These results, which r^Ieot initial 
breakdown of the protein, do not necessarily 
conflict with the results of WillstAttbr, 
Grassmann and Ambros 1®) (p. 811), since 
their results show that papain hydiolyaes egg 
albumin peptone most rapidly near ph 5. 



FIGURE 3 

Heat inactivation of crystalline papain in solution. 
The solid circles (#) represent data obtained by the 
first method (see text) and the crosses (x) and open 
circles by the second method. 



FIGURE 2 .. 

ph Optimum of casein digestion by crystalline and 
commercial papain. The data from experiments 
run at various times were multiplic^d by suitable 
factors so that they would superimpose at or near 
ph 6.5. The crosses and circles represent crystalline 
papain with and without urea respectively; the 
squares represent commercial papain with urea. 
The formol titration method of assay was used. 


6 * 
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crude papain. Both the temperature range and the critical thermal increments (48.000 in this 
case) are comparable. 

Method. The first method used to expose the enzyme solutions was as follows: 0.1 ml. samples 
of enzyme were exposed in 10 x 50 nun test tubes to various temperatures for 3 minutes. At the 
end of 3 minutes four drops of cold water were added, the enzyme was activated with cyanide and 
the whole sample was assayed by the milk-clotting teclmique in 5 to 6 minutes. The second method, 
which gave similar results, differed in that 1 ml. of water at the desired temperature was added to 
the tube (containing 0.1 ml. of enzyme solution) at the time of immersion in the water bath, and 
finally 1 ml. of cold water was added when the tube was removed. One-half ml. of the resulting so- 
lution was then activated and assayed as before. Tests showed that it required about 30 seconds to 
approach the bath temperature within 3° and about 1 to 1 — 1/2 minutes to approach it witliin 1/2°. 
The cooling technique lowered the temperature below 60° in less than 16 seconds. Hence although 

the results should be comparable 
they are somewhat arbitra^ in 
an absolute sense. The 30 minute 
exposures were also made by this 
technique. 

Stability of Papain in Urea 
Solutions. — Fig. 4 shows that 
a dialysed solution of crystalline 
papain at 30° C., ph 6.6. pl.m. 
0.5, and in the absence of acti- 
vator, is remarkably stable in 
9 M urea solution (50% by 
weight). There is practically no 
irreversible loss of activity in 24 
hours. Although there is a rever- 
sible loss of activity if the sample 
is not activated before assay, it 
is doubtful that this represents 
reversible protein denaturation. 
This conclusion is supported by 
the observation that the nitro- 
prusside test, which is positive 
for heat, acid, and alkali de- 
natured papain, remains nega- 
tive even in the presence of 
added cyanide. 

The stability of papain to 
urea has made it useful in stu- 
dying the effect of urea on the 
digestibility of proteins (Line- 
WBAVER and Hoover 22)). However, it is not implied that other proteolytic enzymes may not 
also be essentially stable to urea. For example, 8tbinhardt23) has shown that pepsin is 
stable in 4 M urea while Kunitz24) has shown that chymotrypsin is rapidly inactivated 
even in 2 M urea. It is reasonable, of course, to expect that tht're will be as great a variation in 
the behavior of enzyme proteins in urea solutions as among proteins in general. 

Extent of Digestion by Papain. — Leipbrt and HapnbrIS) in studying the liberation 
of tyrosine and tryptophane from casein found that about 47% of the total nitrogen was liberated 
as aminonitrogen and that about 60% of the total nitrogen became soluble in phosphotungstic 
acid after 12 days. The corresponding percentage for one day’s digestion was 40% for both tests. 
It is noteworthy that the increases in amino nitrogen, soluble nitrogen, tyrosine, and trypto- 
phane nitrogen did not parallel. Subsequent digestion by trypsin mcreased the amino-N to 71% 
of the total N (this corresponds to practically 100% hydrolysis of the peptide bonds). Svedbbrg 
and Ebikson tl) and Annbtts have analyzed the products of the action of papain on egg 



FIGURE A 

The activity uf papain as a function of the time of standing m 
9 M urea at ph 6 and 30° C. The open circles (o) and crosses (x) 
represent the milk-clotting activity remaining in a water solu- 
tion of papain; the other points represent papain activity 
remaining in a 9 M urea solution after standing for the times 
indicated; the squares (D) represent [Pa. u.] Hb/mgP.N. x 10* (4) 
(HI) activity figures for the stability of papain in water are 
not reported although many tests incidental to other experi- 
ments show that it is stable for many hours); the solid circles (•) 
represent [Pa. u.] M/mg P.N.(4). 
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albumin. It appears from 
their results also that hydro* 
lysis to amino acids is not 
complete, the smallest par- 
ticles having an average mo- 
lecular weight of several 
hundred 12). 

The data reported here 
show that the extent of di- 
gestion of casein with crystal- 
line papain is not greatly 
different than with unpuri- 
fied papain. Fig. 6 (curves 7 
and 8 for crystalline papain) 
shows a maximum titer per 
0.08 gm. of casein of about 
7 to 7.5 ml of N/60 NaOH 
corresponding to 22 to 23% 
hydrolysis assuming that 
31.5 ml *) corresponds to 
complete hydrolysis. Curves 
10, 11 and 12 for the latex 
enzyme show a maximum 
titer of about 7.5 to 8 ml 
corresponding to 23 to 25 % 
hydrolysis. These percentage 
figures probably should be 
increased by 2 or 3% since 
the formol titration tech- 
nique used gives values that 
are slightly low in an ab- 
solute sense. 

The data of Leipert 
and Hafner 13) on casein 
and of Calvbry25) on egg 
albumin show more than 
60% hydrolysis of peptide 
bonds by papain, about 
three times the figure ob- 
tained in this study. Although 
it has not been possible to 
investigate these differences 
experimentally at this time, 
it should be noted that the 
major difference in the tech- 

*) This figure is calcu- 
lated assuming that the ave- 
rage residue weight of amino 
acids in casein is 127. Hence 
(80 mg. ca8ein)/127 = 0,63 
meq. per sample; 0.63/0.02 
31.5 ml maximum calcu- 
lated titer per sample. 



TIME SCALE IN DAYS (UPPER CURVES) AND 10 HOUR 
JNTERVALS (LOWER CURVES) 

FIGURE 5 

Digestion of casein by crude and crystalline papain at ph 7.9 to 

7,3. The upper and lower sets of curves are for different enzyme 
concentrations as well as for different times. 

Curve 1 — Latex enzyme (about 0.003 mg. N/ml). 

Curve 2 — Enzyme from the high salt fraction. 

Curve 3 — 0.0028 mg. of crystalline enzyme N/ml. 

Curve 4 — Fresh crystalline enzyme was added to No. 3 yielding 
a total concentration of 0.0053 mg. N/ml. 

Curve 5 — Fresh latex enzyme was added to No. 3 yielding the 
same concentration of this crude enzyme, in addition 
to the crystalline enzyme, as exists in No. 1. 

(Mrve 6 — Fresh high salt fraction enzyme wa.s added to No. 3 
5 nlelding the same concentration as in No. 2. 

Curve 7 — 0.034 mg of crystalline enzyme N/ml. 

Curve 8 — Fresh crystalline enzyme was added to No. 7 yiel- 
ding 0.063 mg N/ml. 

Curve 9 — Fresh latex enzyme was added to No. 7 yielding \ he 
same concentration as in No. 10. 

Curve 10 — Latex enzyme, about 12 times the concentration of 
No. 1 (0.085 mg N/ml). 

Curve 11 — Fresh crystalline enzyme was added to No. 10 yiel- 
ding the same concentration as in No. 7. 

Curve 12 — Fresh latex enzyme was added to No. 10 to give a total 
concentration of 0.077 mg N/ml. 
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niques lies in the ph value at which hydrolysis was carried out. The literature on papain in- 
dicates that the ph of 6, used by the earlier workers, should favor the ^peptidase*' action as 
compared with ph 7. For example, Willstatter, Grassmann and Ambros found a ph opti- 
mum of about 5 for an egg albumin peptone substrate. Whatever the explanation may be, it is 
evident that no marked difference in extent of digestion by the latex and the crystalline enzyme 
occurs under these conditions. A difference between the time course of digestion by the crystal- 
line and non-crystalline enzyme, however, may be noted by comparing curves 1 and 2 with curve 
8. It is seen that the initial rate of hydrolysis by the crystalline enz 3 nme is more than twice that 
for either of the other enzyme samples, whereas after an increase in titration of 2 ml has been 
reached the rates for all three enzymes are the same within about 20%. It is thus evident that 
the curves do not superimpose and hence we are doubtless dealing with different enzymes or 
enzyme mixtures. It is remarkable that curves 10 and 12 are only slightly higher than 7 and 8. 

Summary. 

1. At 80® C and in the absence of activator crystalline papain has been found to 
be rapidly inactivated below ph 2.5 to 3 and above ph 12. The stability optimum lies 
in the ph range of 5 to 7. 

2. The ph optimum tot proteolysis of denatured casein is 6.5 to 7. Also proteolysis 
in the region of ph 7 is much greater than in the region of ph 5 for both denatured egg 
albumin and denatured hemoglobin. 

8. Crystalline papain is stable for 24 hours at 80® C in 9 M urea solution. No -SH 
(nitroprusside test) appeared even in the presence of cyanide. 

4. It is rapidly denatured (as indicated by the appearance of -SH) and is half 
inactivated in 8 minutes at 82 to 85® C. 

5. The time course of hydrolysis of casein confirms previous • indications that 
crystalline papain does not represent the total proteolytic activity of papaya latex. 

6. At ph 7 and 80® C about 25% of the calculated number of peptide bonds of 
casein were hydrolyzed (formol titration) by both latex and crystalline enzyme. This 
figure is lower than that of earlier workers. 

1) A. K. Balls, H. Lineweaver, Jl. of Biol. Ghem. 180, 669 (1989). — 2) M. L. Anson, Jl. of gen. 
Phys. 20, 661 (1987); 22, 79 (1988). — 8) J. H. Northrop, Jl. of gen. Phys. 16, 41 (1935^); J. H. Nor- 
throp, M. Kunitz, ibid. 16, 818 (1982). — 4) A. K. Balls, S. R. Hoover, Jl. of Biol. Ghem. 121, 787 (1937). 
— 6) H. Kraut, E. Bauer, Zs. physiol. Ghem. 164, 10 (1927). — 6) J. Berger, G. P. Asenjo, Sci. 91, 387 
(1940). — 7) E. Kuitimen-Ekbaum, Sci. 91, 240 (1940). — 8) S. Tashiro, L. H. Schmidt, Amer. Jl. 
Phys. 119, 418 (1937). — 9) R. Willstatter, W. Grassmann, Zs. physiol. Ghem. 188, 184 (1924). — 10) 
R. Willstatter, W. Grassmann, O. Ambros, ibid. 151, 807 (1926). — 11) T. Svedberg, I. Erikson, 
Bioch. Zs. 258, 1 (1988); Jl. Amer. Ghem. Soc. 56, 409 (1984). — 12) M. Annetts, Biochem. Jl. 80, 
1807 (1936). — 13) T. Leipert, I. Hafner, Bioch. Zs. 229, 427 (1930). — 14) A. K. Balls, T. L. Swenson, 
L. S. Stuart, Jl. Assoc. Off. Agr. Ghem. 18, 140 (1986). — 16) H. Jdrgensen, Bioch. Zs. 280, 1 (1936). — 
16) R. Fabre, R. Prossard, Soc. Biol. 92, 69 (1926). — 17) M. Sato, Jl. Faculty Agr. Hokkaido Imp. 
Univ. 24, 101 (1929); Ghem. Abstr. 24, 890 (1980). — 18) D. M. Greenberg, T. Winnick, Jl. of Biol. 
Ghem. 185, 776 (19^). — 19) A. XJnderrain, Milchw. Forsch. 15, 483 (1938). — . 20) G. Oppenheimer, 
Die Fermente und ihre Wirkungen, 6. Ed. II, p. 1102 (1926). — 21) T. Winnick, A. R. Davis, D. M. 
Greenberg, Jl. of gen. Phys. 28, 801 (1940). — 22) H. Lineweaver, S. R. Hoover, Jl. of Biol. Ghem. 187, 
825 (1941). — 28) J. Steinhardt, Jl. of Biol. Ghem. 128, 648 (1988). — 24) M. Kunitz, Jl. of gen. Phys. 
22, 207 (1988). — 26) H. O. Galvery, Jl. of Biol. Ghem. 102, 73 (1933). 
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acides pentosenucl^iques 
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1. La detection histochimique des acides pentosenucl^iques. 

Nous avons d4crit r^cemment (l) une technique permettant la detection facile et rapide 
des acides pentosenucl^iques dans une preparation microscopique: cette methode consiste k 
traiter les coupes par la ribonuciease, ferment capable d’attaquer specif iquement Tacide 
pentosenucieique (Dubos c.s. 3)^ Schmidt et Lbvenb^), Kunitz^)). Si on colore ensuite la 
preparation par un colorant basique, on observe une disparition de la basophilie lorsque cette 
demiere est due k la presence d’acide ribonucieique; les resultats les meilleurs s*obtiennent par 
une coloration au vert de methyle-pyronine suivant Unna-Pappbnhbim: la pyronine se fixe en 
effet avec intensite sur les pentosenucieoproteides, apr68 la plupart des fixations. Les proprietes 
ourieuses de la ribonuciease (thermostabilite en milieu legerement acide, solubilite dans Tacetone 
k 50%, optimum au voisinage de 70°) se pr^tent favorablement k son isolement. On peut pre- 
parer des extraits actifs soit par la methode de Dubos et Mac Leod 2), soit par celle de Dubos 
et Thompson 3); Tobligeance du Dr. Kunitz, k qui vont tous nos remerciements, nous a valu 
le privilege de pouvoir essayer un echantillon de ribonuciease recristallisee k six reprises. Tou- 
tes oes preparations ont donne des resultats identiques, tant en ce qui conceme leur action sur 
Tacide zymonucieique que celle sur les coupes histologiques. Des extraits suffisamment actifs 
s’obtiennent aisement en traitant le pancreas de boeuf finement broye par 1-2 volumes d’acide 
acetique 0.1 N pendant 12 heures; on fait alors bouillir 10^ on filtre et neutralise le filtrat. On 
refiltre et dialyse pendant 24 heures le liquids obtenu. On se debarrasse du precipite par centrifuga- 
tion et on a la solution utile ;celle-ci, conserves^ la glaciers, perdprogressivementde son activite. 

La ribonuciease, oomme Font montre Dubos et Thompson 3), n’exerce aucune action 
oonstatable sur differentes proteines, la peptone, les glycoproteides, les polysaccharides, les 
esters phosphoriques des glucides, les lipides, I’acide thymonucieique. Nous avons juge bon de 
verifier que ce ferment n’attaque pas non plus la caseins, les phosphoproteides pouvant se 
trouver dans certains tissus animaux en quantites notables; le caractere fortement acids de 
oes substances risquait de leur conferer une nette basophilie. Les resultats ont ete entierement 
negatifs: au cours de Taction de la ribonuciease sur la caseins, il ne se libere en effet pas de P, 
meme sous forme organique. 

L’emploi de la ribonuciease a permis de tetrouver sur coupes certaines des observations 
faites in vitro par Dubos et Thompson: Tacide thymonucieique, le cartilage, ne presen tent au- 
oune diminution de leur basophilie aprds la digestion (1 h. k 65°); il en va de meme pour des 
concretions d’acide urique que Ton rencontre chez les Insectes. Le glycogens ne correspond 
certainement pas non plus aux granules colorables par la pyronine: les jeunes oocytes d’ Amphi- 
biens, par exemple, prennent vivement la pyronine alors qu’ils ne donnent pas les reactions 
histochimiques du glycogene. Notons cependant k ce sujet qu’il a ete signaie (Stubbl®)) qu’un 
traitement prolongeparlasalivefait disparaitre la colorabilite par la pyronine: differents essais 
nous ont montre que ce resultat est dd, non k la presence de Tamylase, mais k celle de la ribonu- 
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ol^ase qui se trouve en petites quantitds dans la salive. Enfin, le mucus prend le vert de m^thyle 
et non la pyronine; la coloration verte ne disparatt d’ailleurs pas par traitement k la ribonu- 
ol^ase. 

Sans nous etendre sur les r^sultats obtenus qui seront publics en detail ailleurs (Arch, de 
Biol.), signalons que les acides pentosenucl^iques se rencontrent, en proportions variables, chez 
toutes les esp6ces etudi^es. Chez les Vert6br6s, on les trouve surtout dans le cytoplasme des 
cellules glandulaires (pancreas, foie, glandes salivaires, glandes de LiebebkIihn, cellules princi* 
pales des glandes de Testomac) et dans la peau. C*est aussi k la presence d’acide pentosenucl4ique 
que les blocs de Nissl doivent leur basophilie. Chez les Invert6br6s, on trouve une accumulation 
de ces substances dans le cytoplasme des glandes salivaires des Dipt^res, Tintestin et les cellules 
ixnaginales des larves de Drosophiles, les tissue de Planaires en voie de r^g^n^ration. Le macro- 
nucleus des Infusoires, la volutine des levures, renferment des acides pentose nucl^iques en abon- 
dance. Ces substances se rencontrent d*ailleurs aussi dans le noyau: les nuciedes des cellules les 
plus varices perdent leur basophilie lorsqu’on a fait agir la ribonuciease. Ce ferment modifie ^gale- 
ment la colorabilite de la chromatine vis k vis du melange de Unna: alors qu’elle prend norma- 
lement les deux colorants basiques qui constituent le melange, elle ne fixe plus que le vert de 
m^thyle apr^ la digestion; il semblerait done que la chromatine contienne de petites quantites 
d’acides pentosenucl4iques qui d6termineraient Taffinit^ du noyau pour la pyronine. Cette 
affinity parait encore accrue lors de la division cellulaire. Ces r6sultats oonfirment, tout en les 
dargissant consid^rablement, les constatations faites par Cabpebsbon et Schultz 7) par une 
m^thode toute diff^rente (photographie dans TU.V.) n6cessitant d’ailleurs un outillage complexe 
et codteux. 

Les donn^es fournies par la rn^thode histochiinique concordont bien aussi avec ce que Ton 
sait de la teneur en acides pentosenucl^iques des differents organes et cellules: k cet 4gard, la 
richesse du pancreas, de la levure, est bien connue. Jobpbb 9) a etabli que le pancreas exocrine 
est beaucoup plus riche en pentoses que la portion endocrine: ce resultat se retrouve sur coupes 
oil les ilots de Langbbhanb apparaissent en clair. La diminution de la teneur en pentoses si- 
gnal^epar JoBPBS®)au cours de la spermatogen^e se retrouve 6galement par la m^thode his- 
tochimique. Enfin, la richesse en acides ribonucl4iques des oeufs d’Oursin (J. Bbaghbt ^9* 
des embryons de Truite (van deb GhinbtI^)) et d’Oiseaux (Mendel et Leavenworth )) 
va de pair avec une vive af finite pour la pyronine. 

Une comparaison precise entre la teneur en pentoses des diff6rGnts organes, voire 
de oertaines cellules d’un mSme organe, et leur basophilie pr^senterait un int^rSt mani- 
feste; les indioatione recueillies dans la litt6rature (GbundI^), Bendix et Ebstein i®), 
JoRPES®)) ne sont malheureusement gu6re utilisables: les techniques employees ne 
reposent gen6ralement pas sur des bases sures et quelques causes d’erreurs, qui seront 
exposes plus loin, n'ent pas 6t6 remarqu6es. En outre, ces m6thodes exigent plusieurs 
grammes de tissfu et elles ne permettent 6videmment pas d’aborder nombre de probtemes 
int&essants. II convenait done de chercher k am61iorer les techniques existantes et k 
augmenter leur sensibility si on voulait rendre fructueuse une comparaison entre la 
teneur en pentoses des tissus et leur basophilie. 

2. Microdosage des pentosenuciyoprotyides. 

Deux types de m^thodes ont ^ty proposys rycemment pour le dosage des pentoses dans les 
tissus animaux: modification de la ryaction de Bial 4 Torcine (Dibohb et Sohwabtz M), Mbj- 
BAUM 17)) ou hydrolyse acide et entrainement par la vapour du furfurol formy (Hoffmann 1®), 
SuMiNOKUBA 19), Parnas ot Umsohwbip^O), Bailby^I)). La premiAre de ces mythodes, ten- 
tante par sa simplicity, n’a yty utilisye que sur des extraits trichloracytiques d’organes; de nom- 
breuses tentatives nous ont montry qu’elle ne peut Stre appliquye aux nuciyoprotyides en raison 
des difficultys que Ton yprouve k ryaliser une hydrolyse compiyte; les produits d’hydrolyse 
des protyines interfyrent d’ailleurs avec la coloration verte qui se dyveloppe. Cette ryaction n’a 
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done d’autre portae que de d^celer les pentoses qualitativement; notons quo lo glucose, commo 
Va signal^ Mejbaum, donne une reaction positive. De plus, le glyoog^ne genant lui aussi la re- 
action, le dosage des pentoses acidosolubles (nucleotides) se heurte do grosses difficiiltes 
lorsqu’on traite des tissue oil ce polysaccharide est abondant (foie, oeufs d’Amphibiens). 

La methode d’entrainement e. la vapeur presentait a priori I’inconvenient d'une sensibilite 
assez reduite (il faut au moins 1 — 2 gr. de tissu frais); en outre, olle est lente et demande une 
surveillance continue. On pouvait toutefois se demander si une solution satisfaisante ne serai t 
pas trouv6e dans une combinaison des diff4rentes m^thodes offertes: c’ost ainsi que Bailey 21) 
a propos6 un appareil k microdistillation qui paraissait avantageux, taiidis que Suminokura 12) 
et Parnas et Umschweip^O) ont pr6cis6 
les conditions requises pour que I’hydro- 
lyse soit aussi quantitative que possible. 

Apr^ quelques essais, Tappareil 
repr6sent6 ci-dessous a 6t6 trouv6 satis - 
faisant: il se distingue de celui de Bai- 
ley 21) par le fait qu’il est construit 
enti^rement en verre (Pyrex) et que le col 
de la fiole k distiller est plus long; cette 
modification a dd etre introduite parce 
que certains tissus moussent abondam- 
ment (memo en presence d’alcools sup4- 
rieurs ou de paraffine liquide) pendant 
I’hydrolyse et qu’il en r^sulte des pertes 
de substance au cours de la distillation 
si le col du ballon est trop court. 

Void la teclmique k suivre: on fait 
bouillir de Teau distill6e en A, en r6gulari- 
sant r^bullition au moyen de deux perles de 
verre; on introduit en B le materiel k ana- 
lyser (par exemple 30 — 60 mgr. de tissu 
pr6alablement extrait par Tacide trichlor- 
ac6tique) avec 1,6 — 2 cc. de S 04 Ha 35% (en volume) contenant H% de sulfate de Zinc et du SOaKg 
k saturation. On connecte la fiole B au g6n6rateur de vapeur A et on distille en chauffant au moyen 
de deux micro-BuNSENS dont les flammes sont r6gl6es de manidre que le volume du liquide diminue 
lentement en B. La distillation prend fin lorsqu’on voit apparaitre des cristaux dans le liquide; 
g6n6ralement reparation dure environ une demi-heure et la quantity de distillat recueillie s’^feve k 
une quinzaine de cc. (on mesure exactement ce volume). Apr^s avoir bien m61ang6 le distillat, on en 
pr^ldve 6 cc., auxquels on ajoute 0,6 cc. d’aniline fratchement redistill6e et 4 cc, d'acide ac6tique 

g lacial p.a. L’intensit6 de la couleur rouge qui s’est d6velopp6e est mesur^e au bout d’une demi- 
eure au photomdtre de Pulprich (filtre S 60). Des essais pr6alables ont montr^ que la coloration 
atteint son intensity maximal environ 25 minutes apr^s le melange et qu’elle reste stable pendant 
10 minutes. Il est bon de dresser une courbe d’6talonnage, chaque fois qu’on utilise de nouveaux 
r^actifs, au moyen d’lme solution de furfurol redistill^ dans le vide. Il y a int6ret, avant de faire les 
lectures, k ne pas exposer k une lumi^re trop vive le melange ofl se d6veloppe la couleur rouge. 
Ajoutons que pour se familiariser avec la marche de la distillation, il est utile de recueillir au d^but 
le distillat par fractions de 6 cc. et de faire le dosage sur chacune de ces fractions; dans de bonnes 
conditions de chauffage, on recueillera trois fois 6 cc. et on trouvera le maximum de furfurol dans la 
portion qui a distill^ en second lieu. 

Cette technique nous a donn^ des resultats tr^s satisfaisants tout en pr6sentant de s6rieux 
avantages sur la m^thode de Suminokura 12) que nous avons employee ant^rieurement: la 
quantity de substance mise en oeuvre est r^duite de 50 k 100 fois et la durde de reparation est 
raocourcie 5^6 fois. La rapidite accrue de la distillation rend superflue la precaution preconisee 
par Suminokura 12) de distiller dans une atmosphere de COg. Enfin, le rendement en furfurol 
du xylose est superieur k celui obtenu par Parnas et Umschweip20) qui maintiennent con- 
stante la concentration de I’acide sulfurique pendant la plus grande partie de la distillation. 

Le tableau suivant fournit, k titre de justification, les resultats de quelques analyses 
effectuees sur du xylose (Merck p.a.) et de I’acide zymonucl^ique (Merck;) ce dernier n’4tant 
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pas enticement pur, la concentration exacte de la solution 4 doser a 6td 6tablie par dosage du P 
organique suivant Berbnblum et Chain 22). 

TABLEAU I. 


Substance 

utilise 

Quantity 

employee 

Rendement th^orique 
en furfurol 

Furfurol trouv4 
en y 

Difference 
en % 

Xylose 

60 y 

88,4 y 

37,9 

—1.3 


60 y 

88,4 y 

38,0 

—1.1 


60 y 

38,4 y 

38,2 

--0,6 



19,2 y 

18,4 

—3,9 


■SiS 

19,2 y 

19,5 

+ 1.4 


30 y 

19,2 y 

19,2 

0,0 


16 y 

9,6 y 

9,6 

0,0 


15 y 

9.6 y 

9,5 

-1.0 


16 y 

9,6 y 

9,6 

—1,0 




Moyenne 

—0,8 

Acide zymo- 





nucl6ique 

200. 

58,a 

66,6 

—3,6 


200. 

68,8 

66,9 

—3,3 


200. 

58,8 

67,8 

—1,6 


200. 

58,8 

60,6 

+ 2,7 


200. 

58,8 

66,9 

—3,3 


100. 

29,4 

28,5 

—3,0 


100. 

29,4 

30,1 

+ 2,1 


100. 

29,4 

29,4 

0,0 


100. 

29,4 

28,8 

—2,0 


100. 

29,4 

30,3 

+ 3,0 


50. 

14,7 

14,7 

0,0 


60. 

14,7 

14,6 

—1,3 


60. 

14,7 

16,2 

+ 3,1 


60. 

14,7 

14,6 

-4),6 


60. 

14,7 

14,8 

+ 0,6 




Moyenne 

—0,6 


Ces chiffres supportent favorablement la comparaison aveo les valeurs que Ton trouve 
dans la litt6rature; le rendement en ce qui conceme le xylose est nettement sup6rieur k celui 
(84%) obtenu par Parnas et Um8Chwbip20). En ce qui conceme Tacide zymonucl6ique, Hoff- 
mann 1®) par hydrolyse k HCl ne trouve que 61 — 63% du furfurol thdorique, parce que cet 
acide n’attaque pratiquement pas les nucleotides pyrimidiques (Stbudbl23)). Quant au chiffre 
donne par Suminokura 1®), il excMe le rendement theorique; s’il se rapportait toutefois au 
pentose et non au furfurol, il coinciderait en fait avec celui que nous avons determine. 

Passons 4 Texamen de quelquos causes d'erreurs susceptibles de fausser le dosage dans le cas de 
tissus animaux: la presence d^acide thymonucMique, m6me lorsqu’il s’agit d'organes nohes en noyaux, 
demeure sans influence pratique: 1 mgr. de cet acide ne donne en effet que 2,1 y de furfurol par hydro- 
lyse (soit 160 fois moins que r acide zymonucieique). Par oontre, les hexoses ou le glycogCe peuvent 
constituer une cause d’erreurs appreciable, dans les organes oil ces glucides se trouvent en abon- 
dance: aprds hydrolyse suivant la technique decrite ci-dessus, ils donnent 8,7 k 8,9% de furfurol 
(au lieu de 68,8% pour le ^lose). Nous avons observe k differentes reprises des resultats anormaux 
en dosant le furfurol produit par hydrolyse du foie ou d’oeufs d’Amphibiens: dans les extraits trichlor- 
acetiques de larves d’Amphibiens, par example, la teneur en „pentose8*' excede de beaucoup oelle 
que Ton s’attendait k trouver en sebasant sur la quantite de P organique pr6sente. Si on broye des 
oeufs d’Amphibiens dans de I’eau et qu’on centrifuge, on peut precipiter par Tacide acetiqua dilue 
un nucieoproteide (riche en P et en pentoses) de la phase aqueuse; le liquide obtenu par centrifugation 
de ce nucl4oprot6ide se pr4cipite par addition d'alcool; si on recueille oe pr6oipit4, on constate qu'il 
ne contient que de faibles quantites de P tandis qu*il donne du furfurol en abondance par hyColyse: 
il Skagit 6videnmient de glyoogCe. Gompl4tons cet aper^u par quelques rCultats obtenus sur le foie 
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de pigeon: le r6sidu obtenu apr^s extraction trichlorac^tique contient 0,096% de furfurol; le liquide 
d^extraction en contient 0,219%. Mais si on essaie de pr6cipiter les nucleotides par I’urane ou I’acide 
adenosinetriphosphorique par le baryum, on ne trouve plus que 0,007 e. 0,008%. Ces constatations 
cadrent parfaitement avec les observations de Parnas et Umsciiweip 20) sur le muscle; ces auteurs 
trouvent en effet trop de furfurol pour le taux de nucMotides dans I’extrait trichlorac6tique. Ils attri- 
buent cette difference k la presence de coferments pyridiniques, mais il nous semble plus vraisembla- 
ble qu’il s’amt du glycogene. Les discordances existant entre les resultats de Parnas et Umschwbif 
et ceux de Ferdmann 24) tiennent sans doute k cette circonstance. En tous cas, les methodes de 
dosage des pentoses (distillation, orcine) ne doivent pas etre utilisees sans precautions compiementaires 
pour I’estimation des nucleotides dans les extraits trichloracetiques des organes riches en glycogens. 
Cette cause d’erreurs peut etre heureusement fort reduite dans le cas des pentosenucieoproteides qui 
nous interesse; on sait en effet que la majeure partie du glycogene (lyo-glycogkne) est facilement 
extraite par Tacide trichloracetique (WillstAtter et Rohdewald 26)); il en est notamment ainsi 
dans les oeufs d’Amphibiens (Brachbt et Needham 26)). Les dosages que nous avons effectu6s ont 
done toujours porte sur des tissus prealablement extraits par Tacide trichloracetique (10%) A 1 ou 2 
reprises; cette precaution parait suffisante pour que le desmo-gly cogene, qu’on ne trouve qu’en faibles 
proportions, n’exerce plus qu’une influence negligeable sur le dosage des pentoses. 

On n’ignore pas que Tacide glycuronique donne des quantites importantes de furfurol par hy- 
drolyse: il en resulte que le dosage des pentoses sera entache d’erreurs dans les tissus riches en glyco- 
proteides (cartilage, mucus). Nous avons constate que le cartilage de la trach6e (lapin) donne 0,17 % 
de furfurol par hydrolyse; il se colore par la pyronine, mais en pr6sentant de la metachromasie. Comme 
cette coloration n’est pas affectee par la ribonuciease, il ne s’agit pas d'acide pentosenucieique. La 
^angue muqueuse qui entoure les oeufs d’Amphibiens foumit aussi du furfurol en abundance (0,25%); 
il en resulte ime cause d’erreurs serieuse qui nous a conduit k une interpretation inexacte des faits dans 
un travail precedent fU); comparant la teneur en pentoses d’oeufs vierges non degangues k celle de 
tetards edos, nous avions constate une diminution. Comme on le verra plus loin, il y a au contraire 
une synthese de pentosenucieoproteides pendant le developpement embryonnaire; on ne peut mettre 
ce fait en evidence qu’en utilisant des oeufs degangues. 

Ces quelques exemples montrent qu’une certaine prudence s’impose lorsqu’on veut effeo- 
tuer des dosages de pentoses dans les tissus animaux; d’autres causes d’erreurs, jusqu A present 
insoup^onnees, existent peut^Stre encore. Les resultats exposes plus loin montrent toutefois 
qu*il est peu probable qu’elles soient importantes; il semble done bien qu’on puisse aboutir k 
des valeurs correctes lorsqu’on prend prealablement la precaution d’extraire le glycogene et 
qa*on evite de travailler sur des tissus riches en glycoproteides. 

3. Resultats experimentaux. 

La plupart des mesures ont ete effectuees dans le but de comparer, chez les Vertebres 
(Lapin, Grenouille rousse), la teneur en pentoses des organes k leur basophilie. Les chiffres 
obtenus chez des animaux differents se ressemblent suffisamment pour que nous puissions 
nous contenter de donner ici les resultats d’une 86rie de dosages portant sur un meme animal 
(ii Texception des organes genitaux). 

TABLEAU II. 


Animal 

utilise 

Organe 

Furfurol en mgr. % 

Moyenne 

Lapin 

Pancreas 

0,428 — 0,419 — 0,456 

IjiM 


Parotide 

0,231 — 0,236 — 0,232 



Muqueuse intestinale .... 

0,147 — 0,169 — 0,164 — 0,150 



Muqueuse gastrique 

0,145 — 0,139 — 0,145 — 0,133 — 0,184 

0,139 


Foie 

0,129 — 0,144 — 0,132 — 0,140 

0,134 


Rate 

0,107 — 0,117 — 0,120 

0,116 


Testicule 

0,105 — 0,104 — 0,119 — 0,104 — 0,106 



Ganglions lymphatiques . . . 

0,096 — 0,103 

0,100 


Thymus 

0,101 — 0,092 — 0,097 

0,097 


Rem 

0,079 — 0,076 — 0,077 

0,077 


Moelle osseuse 

0,063 — 0,054 — 0,058 

0,068 


Musculeuse de I’estomac . . 

0,056 — 0,056 — 0,062 

0,055 


Coeur 

0,040 — 0,036 — 0,032 

0,036 


Poumon 

0,037 — 0,033 — 0,087 

0,036 
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TABLEAU II (suite). 


Animal 

utilisO 

Organe 

Furfurol en mgr. % 

Moyenne 

Grenouille 

PancrOas 

0,256 — 0,271 — 0,244 

0,267 


Foie 

0,152 — 0,140 — 0,149 — 0,164 

0,149 


Muqueuse intestinale .... 

0,186 — 0,131 — 0,141 

0,186 


Muqueuse gastrique 

0,136 — 0,130 — 0,120 — 0,130 

0,129 


Ovaire 

0,092 — 0,088 — 0,095 — 0,080 

0,087 


Testicule 

0,068 — 0,064 — 0,060 0,060 

0,062 


Rein 

0,055—0,061—0,059 

0,068 


Poumon 

0,066 — 0,061 



j Cerveau 

0,050 — 0,046 

0,047 


Muscle estomac 

0,041 — 0,045 

0,048 


Muscle 

0,087 — 0,036 — 0,030 

0,034 


Coeur 

0,029 — 0,084 

0,031 


Ainsi qu’on peut le constater, les resultats sent assez comparables chez la grenouille et le 
lapin; dans les deux oas, la tube digestif et ses glandes annexes se distinguent par leur richesse 
en pentoses. On se souvient que ces organes se caraot^risaient par une vive affinity pour la 
pyronine. Les organes lympholdes, les glandes genitales sont mod6r4ment colorables par la 
m6tbode de Unna: on aura observe qu’ils occupent une place interm^diaire dans le tableau 
oi-dessus. Enfin, les autres organes examines n’ont gu^re d’affinit6 pour la pyronine, k Texception 
du syst^e nerveux ou les blocs de Nissl se colorent vivement; mais les neurones qui les oon- 
tiennent sont noy^s dans la masse de la nevroglie et des fibres nerveuses. 

Le paralMlisme entre les resultats fournis par les deux m^thodes utilis^es apparait done 
conune tr^ satisfaisant; voyons s*il n’est pas possible de le pousser plus loin. Nous avons 
montr^ pr6c6deinment (^7) qu’il se produit au cours de Toogen^e, chez les Amphibiens, une 
diminution progressive de la basophilie. Dans les gros oocytes, seuls les nucl^oles sont encore 
fortement colorables; ils perdent, tout comme le cytoplasme des jeunes oocytes, leur basophilie 
par action de la ribonucl^ase. 11 est facile de s6parer sous la loupe les jeunes des gros oocytes; 
on peut m@me isoler assez ais^ment les noyaux de ces demiers. Si la basophilie est r^ellement en 
rapport avec la presence d’aoide pentosenucl^ique, on devrait s*attendre k trouver dans les 
jeunes oocytes une teneur en pentoses sup6rieure k celle de Tovaire entier (0.087%); les gros 
oocytes contiendraient au contraire moins de pentoses, tandis que les noyaux isol^s, oil les nu- 
circles n’ont qu’une valeur quantitative r6duite, devraient se r6v61er pauvres en ces substances. 
La tableau oi«dessous montre que Texp^rience confirme enti^rement ces provisions. 


TABLEAU III. 

Materiel employ^ 

Furfurol en mgr. % 

Moyenne 

Jeunes oocytes {Bana fusca) 

0,183 — 0,189 - 0,197 — 0,216 — 0,219—0,232 

0,206 

Gros oocytes {Bana fmea) 
Noyaux de gros oocytes {Bana 

0,067 — 0,062 — 0,062 — 0,062 — 0,077—0,062 

0,065 

fusca) 

0,056 — 0,050 — 0,041 

0,049 


En suivant le dOveloppement ultOrieur de ces oeufs, nous avions constatO (^7) ^ne aug- 
mentation continue de la l^sophilie suivant des rOgles trOs prOcises: cette synthOse dObute par la 
moitiO animale de Foeuf ; pendant la gastrulation, elle est nettement plus active dans la rOgion 
dorsale de Toeuf (organisateur) que dans la partie ventrale; plus tard, e’est le systOme nerveux 
et la chorde qui se signalent par leur affinitO pour la pyronine. Les chiffres ci-dessous prouvent 
bien que le d^ebppement des Amphibiens s’accompagne d’une synthOse de pentoses; en outre, 
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les mesures faites siir des explan tats an stade gastriila montrent qiie I’organisateiir esi particu- 
li^rement riche en ce genre de substances. 


TABLKAi: IV. 



Stade 

Furfurol en y/oeuf 


Augmentation 

utilise 

Moyenne 

en % par rapport 
k Toeuf f6cond4 



( 

F6conda- 

tion 

2,66; 2,9; 2,6; 2,9 

2,75 

— 

Rana jvsea < 

Gastrulas 

Jeunes 

t^tards 

3,0; 3,2; 3,0; 3,1 

4,4; 4,7; 4,4; 4,6; 4,76 

3,1 

4,6 

11,2 

67,2 

i 

F^conda- 

4,65; 4,9; 4,8; 4,65; 4.8; 4,8 

4,75 

_ 

AxolotJ < 

tion 



i 

Gastrulas 

4,8; 5,3; 5,2; 5,1; 5,1 

5,1 

7,2 

( 

F6conda- 

6,6; 5,6; 5,8; 6,0; 5,9; 6,1; 5,9; 6,1 

5,9 



Axolotl < 

tion 



\ 

Neurulas 

7,25; 7,7; 7,0; 6,9; 7,5; 7,0; 7.5; 6,95 

7,25 

22,9 

l 

F6conda- 

4,35; 4,15: 4,85: 4,4 

4,45 



Axolotl / 

tion 

Jeunes 

t^tards 

7,05; 7,4; 6,85; 7,5 

7,2 

i 

61 ,6 


I’ABLEAU V. 

Fragments de gastrulas (Axolotl). 

(Chiffres expniiieh en y/nigr. Les valeurs donn^es dans les detix (‘oloniiejs se (“orrespondenl , les ex- 

plantats provenant des in^mes oeufs). 


Fragments dorsaux 

Fragments ventraux 

Difference en % 

(),28 

0,20 

13,0 

0,38 

0,33 

18,1 

0,46 

0,88 

15,6 

0,68 i 

0,55 

19,1 

0,82 

0,69 

28,0 

0,86 1 

0,60 

30,2 

0,84 

0,56 

33, ‘3 


Les quelques dosages effectues sur les Invert^bres ont pleinement confirm^ le parallelisme 
entre Taffinit^ pour la pyronine et la presence de pentosenucl^oproteides: des larves dt) Droso- 
phile, les glandes salivaires de Chironomiis, qui se distinguent par leur vive basophilie, doiment 
aussi du furfurol en abondance par hydrolyse (de Tordre de 0.2%). Chez la Planaire, Texamen 
histologique de Tanimal normal laisse supposer une repartition sensiblement homog^ne des 
acides pentosenucl6iques; les dosages sur des fragments de Tanimal out donne les chiffres sui- 
vants (moyenne de 4 experiences) en allant de la tete vers le queue; 0.118; 0.111; 0.110 ot 0.118%. 
II n’existe done pas chez oette forme de gradient antero-posterieur des pentosoniicleoproteides. 

Un dernier point reste 4 envisager: nous avons signal^ plus haut que le comportement des 
noyaux envers la pyronine et la ribonucl4ase laisse supposer la presence d’acides pentosenu- 
cl6iques au niveau de la ohromatine. Quelques dosages ont 6t6 effectues, afin d’elucider ce point, 
sur des noyaux d*intestin de grenouilles isol^s par la m4thode de Stonbburo ^8) h Tacide oitrique; 
oes noyaux peuvent §tre isol4s ais4ment dans un 4tat de grande puret6, comme Tatteste Texamen 
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microscopique. Nous nous sommes agsur4 quo Taoide oitrique n’exeroe aucune influence surle 
rendement en furfurol de Tacide thymonucl^ique. Le traitement par Taoide citrique ne modifie 
d’ailleurB pas rintensit^ de la reaction de Feulobn fournie par leg noyaux igol^; il tend i, aocen- 
tuer la colorabilit4 par la pyronine aux d4peng de oelle par le vert de m4thyle; maig la ribonu- 
ol4age fait enti^rement digparaitre Faffinit^ deg noyaux igol^g pour la pyronine. Dang chaque 
experience, la teneur en pentogeg, en P organique (guivant Bbrbnblum et Chain ^)),en acide 
thymonucieique (methode de Dischb ^)) et en eau a ete determinee. Voici leg r^gultatg obtenus^ 
exprimeeg en % du poidg humide. 


TABLEAU VI. 


Acide thymonucieique 

Furfurol 

P 

3,3 

0,102 

0,44 

8,1 

0,097 

0,43 

8,9 

0,122 

0,47 

8,7 

0,132 

0,445 

3,4 

0,099 

0,44 

3,5 

0,110 

0,445 


8i on rapporte ceg chiffreg au poidg gee, on obtient en moyenne: P: 3.30%; acide thymonu- 
oieique 25.9% (goit 2.53% de P); furfurol 0.816%, correepondant k 2.82% d’acide zymonucieique 
(0.27% de P). Lee valeurg obtenuee pour Faoide thymonucl6ique et le P concordent de fa 9 on 
aggez gatisfaigante avec celleg donn^eg par Bbhrbns^^) et par Caspersson^I). La quantity 
totale do P nucl6ique (2.8%) est un peu inf6rieure au P total (3.3%): la difference tient gang doute 
k la pr6gence de phogphatides dang le noyau (Stonbburg^S)), Cee exp6rienoee d6montrent en 
toug cag que le noyau reiiferme de petiteg quantit6g d’acidee pentogenucl6iqueg, conform6ment 
k ce que la m4thode de Unna laigsait euppoger; on remarquera d’ailleurg que leg chiffreg obtenug 
ge rapprochent fortement de ceux auxquels noug gommee arriv6g, chez le lapin, pour leg organee 
richeg en noyaux (gangliong lymphatiques, rate, thymug). Ajoutone encore que nog r6gultatg 
Bur leg noyaux isoMg ne gont nullement en oppogition avec ceux de Jorpes qui n’a pas trouv6 
de pentoses dans leg spermatozoldeg mdrg de la lotto: les tetes des gpermatozoi’des prennent en 
effet exclugivement le vert de m6thyle et leur coloration n’est pas affect6e par la ribonucl6age; 
la m6tbode histochimique indique done qu’ils doivent etre pauvreg en pentosenucl^oprot^ideg. 

4. Conclusions. 

Les dosages des pentoses, confirmant les donn6eg foumies par la technique histochimique, 
noug montrent que leg acides ribonucl4iques sont abondamment r6pandug dans le rdgne animal; 
ils pr^sentent toutefois des localisations bien precises qui ne nous permettent malheureusement 
pas de pr^juger de leur r61e physiologique. Caspersson et Schultz 7) qui aboutissent k des 
oonclugiong voisines des n6treg, pensent que les acides pentosenucl6iques se rencontreraient 
principalement dans les tissus en voie de croissance active. Cette pr4gomption est appuy^e par 
nos re^erches, mais on ne peut admettre pourtant une localisation exclusive des acides pentose- 
nucl4iqueg dans des cellules en voie de proliferation: les mitoses sent exceptionnelles dans le 
pancreas et le foie et inexistantes au niveau des neurones. La conclusion de Cabpersson et 
Schultz demande done k Stre eiai^e et on peut se demander si la presence d*acides pentose- 
nucieiques n'est pas liee k des phenomenes d’eiaboration des proteines "') celleg-ci sont produites 
en abundance dans le tube digestif et ses glandes annexes (ferments), les oeufs en voie de crois- 
gance (vitellus), les tissus en voie de regeneration. II se peut d’ailleurs que les acides pentose- 

*) Caspbrbson, dans un travail tout reoent (Naturwiss. 29, 83 (19tl)) arrive maintenant k 
la meme conclusion que nous (addendum lors de la correction des epreuves). 
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nucl6iqu68 n’aient pas les mfimes fonctions dans ces divers organes: il parait assez plausible que 
dans le foie, peut-etre dans les neurones, ils constituent plutdt une substance de reserve: les 
observations histologiques de Bbrg®2) et de Stubbl®) montrent en effet que les 616ments 
basopbiles du foie dispareissent k la suite du jeune et font leur r^apparition lorsque Tanimal est 
soumis k un regime riche en prot^ines. 

De nombreuses inconnues subsistent en ce qui conceme la nature chimique exacte des 
substances en cause: il y a cependant lieu de noter que Tefficacit^ de la dbonucl6ase prouve bien 
qu*il s’agit de polynucleotides (sans doute voisins ou identiques k Tacide zymonucieique) et non 
de mononucleotides qui se seraient combines aux proteines. 

La synthese des pentosenucieoproteides an cours du developpement embryonnaire chez 
les Amphibiens va de pair avec la synthese de Tacide thymonucieique qui se produit consecuti- 
vement k la multiplication des noyaux (H). Il serait premature de chercher k preciser si les 
deux phenomenes sont lies Tun k Tautre. Les chiffres donnes dans ce travail concordent bien 
avec ceux obtenus par Graff et Barth 33) pour Tazote purique: ces auteurs ont en effet ob- 
serve une synthese de purines pendant le developpement des Amphibiens. Nous ne pouvons 
neanmoins nous rallier k Tinterpretation qu’ils en donnent: ils admettent qu’il s’agirait d’une 
synthese exclusive d’acide thymonucieique qui ne commencerait qu’avec la morphogenese; 
pendant la segmentation, I’acide thymonucieique preexisterait dans le cytoplasme. Cette con- 
ception est en opposition complete avec nos resultats anterieurs {^) et presents. Il convient 
d ’insister sur le fait que la mesure du P nucieique ou du N purique ne nous renseigne nullement 
sur I’acide thymonucieique, mais uniquement sui la somme des deux acides nucieiques. Il serait 
dangereux de voir dans ces constituants un index de la teneur d’un tissu en noyaux, puisque 
I’acide pentosenucieique se rencontre surtout dans le cytoplasme. 

Les dosages effectues sur les oeufs d’ Amphibiens n’apportent evidemment aucun ar- 
gument en favour de I’hypothese que nous avions emise (1®, ll) au sujet d’une origine possible 
de I’acide thymonucieique k partir d’un acide pentosenucieique; ils n’infirment cependant pas 
cette supposition, parce qu’il n’est pas exclu qu’une partie des acides pentosenucieiques syn- 
thetises soit utilises pour I’eiaboration d’acide thymonucieique. Certaines observations (presence 
d’acide pentosenucieique dans le noyau, en particulier dans le nucieole) cadrent merne bien avec 
I’hypothese d’une filiation entre les deux types d’acides nucieiques. 

Enfin, les dosages d’acides pentosenucieiques ont permis d’etablir une nouvelle difference 
chimique entre I’organisateur et les territoires ventraux correspondants; cette observation re- 
joint cellos qui ont ete faites relativement au plasmalogene (Voss 34)), ^ la glycolyse (Boell, 
Needham et Rogers 33 )), au quotient respiratoire (Bracket 36 ), Boell, Koch et Needham 37 )), 
k la glycogenolyse (Heatley38), Heatley et Lindahl 3 ®)), aux proteines sulfhydriiees ( 37 ). 
Ces faits ne sont pas aussi disparates qu’il le paraitrait k premiere vue: des pentosenucieopro- 
teides combines au plasmalogene ont ete isoies k partir d’embryons de Poulet et de Souris par 
Claude 40). Certaines relations possibles entre le metabolisme hydrocarbone et I’acide zymo- 
nucieique ont ete soulignees par Obtern et ses collaborateurs (^l). La question de savoir s’il 
existe une relation entre la presence de pentosenucieoproteides dans I’organisateur et ses capa- 
oites d’induction est encore prematuree; on pent toutofois rappeler que Fischer 42) a signaie 
une forte activite inductrice des nucieoproteides et de leurs derives et que Barth 43 ) assigns 
une capacite d’induction maxima k une fraction des oeufs d’Amphibiens qui est precisement 
la plus riche, d’apres nos essais, en pentosenucieoproteides. Enfin, nous avons constate (expe- 
riences non encore publiees) que le traitement par la ribonuciease des organisateurs tues reduit 
fortement leur pouvoir inducteur. Tous ces faits rendent assez vraisemblable une intervention 
active des pentosenucieoproteides dans les phenomenes d’induction neurale. 

Resume. 

1, Une technique de detection histochimique des acides pentosenucieiques sur 
coupes histologiques a 6t6 mise au point; les principaux resultats sont resumes. 

2. Une micromethode de dosage des pentoses (10 — 60 y) dans les tissus animaux 
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(80 — 60 mgr,) est d6orite; la teneur en pentoses de nombreux organes a d6termin6e. 
Cette xniSthode oonfirme entikement les r^sultats histochimiques, 

8, II se produit une synthke de pentosenuoltoprot^ides au cours du d6veloppeinent 
embryonnaire ohez les Amphibiens; la Ikre dorsale du blastopore (organisateur) contient 
plus de pentoses que la r6gion ventrale correspondante. 

4. Les noyaux contiennent, outre de Tacide thymonucl6ique, de petites quantiWs 
d’acide pentosenuclkque. 

Summary. 

1. A technique for th(‘ histochemical detection of pentosenucleic acids has been 
devised; the main results are summarized. 

2. A micromethod for the quantitative estimation of pentoses (10 — 60 y) in animal 
tissues (30 — 60 mgr.) has been described; the pentose content of many organs has been 
established. This method thoroughly confirms the histological findings. 

8. There is a marked synthesis of pentosenucleoproteins during embryonic deve- 
lopment in Amphibians; the dorsal lip (organizer) of th(‘ blastoporus has a higher pen- 
tose content than the corresponding ventral piece. 

4. The nuclei contain small amounts of pontoseniicleic acid besides thynioriucleic 

acid. 
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I. Introduction. 

The volume change accompanying chemical reactions in liquid systems has been 
studied in a great number of cases. In spite of this, comparatively few investigations 
exist on the break-down of proteins and related substances, a situation which probably 
has entered because of the high degree of complexity of the processes taking place. 
Apart from the investigations by Rona and Srbenivasaya and their coworkers 
little has been done to explore this field experimentally (w.a. ®)). Theoretically the pro- 
blem is highly complex and can only be treated very roughly. We believe however that 
the calculations found in the theoretical part of the present paper will serve to elucidaft^ 
certain features of the problem. 

In the experimental part of this paper the volume change accompanying the enzy- 
matic break-down of lactoglobulin and clupein has been determined. The results show’ 
definitely that the break-down of lactoglobulin cannot be explained exclusively as an 
opening up of peptide linkages in a simple peptide chain, while the splitting of clupein 
is in good agreement with this assumption. For the rest we refer to the discussion page 108. 

♦) Supported by a grcmt from The RockefeUer Foundation. 

Bnzymologta, Vol. X, 2. 
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n. Theoretical part. 

From the data available in the literature it is apparent that the contraction accompanying 
the splitting of proteins and peptides in about neutral solution is very great as compared to that 
observed, 6.g., in the case of carbohydrate hydrolysis. The reason for this must be sought in the 
increase in the number of electric charges which accompanies the opening of the peptide bond. 
The splitting of glycylglycine at ph 6 for example involves the disappearance of a dipeptide 
dipole and the formation of 2 amino acid dipoles: 

NHa+CHgCONHCHaCOO- + H20->2NH3+CHgC00~ (1) 

i. e., two new charges have appeared which will be surrounded by compressed water and thus 
give rise to a contraction. Outside of the isoelectric zones of peptides and amino acids the pre- 
vailing conditions are more complicated beeause part of the ampholytes are present as ions, but 
a closer investigation shows that the new-formation of charges will predominate in the whole ph 
region from 2 to 10 and thus be an important factor in the determination of the volume change. 

It is therefore of interest to examine this side of the hydrolytic process more closely, in 
other words to determine the volume change due to changes in amount and position of electric 
charges, disregarding the volume change accompanying the plain water addition and the 
breaking of the bond. This latter volume change we are unable to say much about. It probably 
varies considerably with the constitution of the amino acid entering into the peptide chain, but 
a comparison with other hydrolytic processes (e.g., hydrolysis of carbohydrates), in which no 
charges appear, leads to the assumption that it is small. This is supported by calculations carried 
out in the present paper indicating a value for this volume change of around + 2 ml per mol 
peptide bond split in case of the hydrolysis of alanylglycine by dipeptidase. Since the corres- 
ponding total volume change was found to be — 9 ml/mol (®) we feel justified in regarding the 
volume change accompanying the actual hydrolysis as small in comparison with the volume 
change due to electrostriction. 

The following treatment is essentially based upon investigations by Weber and Naou- 
MANNSOHN 8), CoHN, Mo Mebkin, Edsall and Blanchard ^), Me Mbbkin, Cohn and 
Wbarb 10), and Grbbnstbin and Wyman H). In Weber’s and Nachmannsohn’s investiga- 
tions the volume change accompanying ion and dipole formation was measured directly using 
the dilatometric method. Unfortunately a complete set of data cannot be obtained in this way 
because the volume change accompanying the reaction, 

NHjjCHgCOOH-^NHa+CHgCOO- 

and others of the same type is not open to direct measurement. Cohn, Me Meekin, Edsall 
and Blanchard have determined the apparent molal^volume of a great number of amino acids 
and dipeptides but the calculation from these data of the electrostriction produced by dipoles 
and ions meets with the difficulty of estimating the apparent molal volumes of the same sub- 
stances without electric charges. Such an estimation may be done partly on the basis of Trau- 
bb’s theory (l^) partly by measuring the apparent molal volumes of uncharged isomeres (in 
the case of glycylglycine e.g., that of carbaininylalanine (l^)) but neither of the methods are 
completely satisfactory and consequently the values found are somewhat uncertain. One thing 
however appears with certainty from the entire material at hand, viz,, that the electrostriction 
varies considerably from one amino acid to another or from one dipeptide to another, i, e., 
the electrostriction is not only a function of the distances between the charges but also of the 
general constitution of the molecules in question. A general survey of the problem concerning the 
hydrolysis of proteins and peptides is therefore only possible if certain simplifying assumptions 
are introduced. The procedure chosen will appear from the considerations in the following section. 

A. Splitting of peptides containing simple amino acids with uncharged side chains. 

1. The necessaiy data. According to Weber we have 

C3H,COOH + NH,CH3-->CH3NH,+ + CH^COO- JV = —15.8 



TABLE I. 

Glycine; A = Alanine; L = Leucine; GG = Glycylglycine etc. 



7 * 


“ + AGG+-J-2+AGG- I —15.2 I 2jVndp— JVi, 







TABLE I (continued). 

Glycine; A == Alanine; L = Leucine; GG = Glycylglycine etc. 
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i. e.f the formation of this ion pair is accompanied by a contraction of 15.8 ml/mol. Similarly 
for the process 

CHgCONHOHaCOOH + NHaCHgCOOCjH^ -> CHgCONHCHaCOO- + NHg+CHjjCOOCjjH, 

we obtain JV = — 17.4 as a moan value between Weber’s figure and one determined in the 
present paper. Other values for the contraction accompanying ion pair formation are 

CH,COOH + NH 3 ->CH 3 C 00 -+ NH^+ —17,4 (see page 115) 

2 ]^ 0 -^H 3+0 + OH- —21 (8) 

The reaction which is most likely to represent the ion pair formation between amino acids 
and peptides: 

NH^KCOOH + NHjjRiCOOH-^NHaKCOO- + NHg+RiCOOH 

is undoubtedly the second one between acetylglycine and glycine ethylester and we have there- 
fore chosen the value J Vion == — 17 as representing the volume change accompanying the formation 
of all ion pairs of the amino aeidani peptide type independent of the constitution of the uncharged 
groups combined with NH 3 + and COO^. (The NH 4 +-ion makes an exception and will be treated 
later on). It is possible that this value is a little too low in the case of ion pair formation among 
higher peptides for which Eds all 12 ) has roughly estimated the value — 20. But for lower 
peptides it agrees quite well with the experimental data. 

On the basis of this figure and the dilatometric measurements by Weber it is now possible 
to find the volume changes which accompany dipole fonnation in several cases. The procedure 
is quite trivial so we shall only give a single example: 

According to Weber 8 ) the process 

NH3+CH2COOH + NH2CH2C00-~>2NH3+CH2C00- 

is accompanied by a volume change of — 8.9 ml/mol. Hence if by JVdp we denote the volume 
change accompanying the formation of an amino acid dipole (short dipole) we obtain: 

2 JVdp— JYion = —8.9 
and JVdp - — 12.95 

The following rounded off values were detennined in this way: 

- —13 
= —15.5 
= —16.6 


= —17 
—17 

It is observed that, in the amino acid, charges of opposite sign are so close to one another 
that their resulting influence upon the surrounding water molecules is smaller than that of an 
ion pair. The same is true in case of the dipeptide and tripeptide although it is apparent that 
with increasing length of the dipole the contraction approaches that for the ion pair (12). Hence in 
the case of tetrapeptides and higher peptides we shall assume that the charges are situated so 
Aar from one another that they act as individual ions. 

We may point out that the difference between the electrostriction of, say, short dipoles 
and ion pairs must depend upon the salt concentration of the medium, L £?., upon the mean dis- 
tance between free positive and negative ions in the solution. Thus in 1 N KCL the process 

CH3COOH + NH3->-CH3C00“ + NH4+ 

is accompanied by a volume change of — 15.4 against — 17.4 in 0.1 N solution (see page 115). 
Webers data were found for 0.1 — 0.2 molar solutions and must be used with caution outside 
of this range of concentration. 


JV 

accompanying the formation of an amino acid dipole 


>> 

j> >> 

„ a dipeptide dipole 

^V,ap 

„ 

i» >» 

„ tripeptide dipole 

^V,Mp 


>> >> n 

„ tetrapeptide and 




higher dipoles 




(see below) 

4Vio„ 

»> 

in ion pair formation 


4Vion 
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TABLE 11. 


Substance 

Eleotro- 

striction 

(quoted from (12)) 

here 

assumed 

glycine 



a-alanine 



serine 


13.0 

a-amino isobutyric acid 

11.6 


basparagine 

15.3 


glyoylglycine 

glyoylleucine 

leucylglycine 

16.1 

18.7 


15.3 

16.6 

glyoylalanine 

15.7 


alanylglycine 

14.1 


glycylglycylglycine 

leu(jylglycylglycine 

16.1 

16.3 

16.6 


Table I, sections 1 — 7, shows the individual variations in the contraction accompanying 
a series of experimentally investigated reactions. It is observed that the deviations from the 
values calculated on the basis of our assumed values for JVdp etc. seldom exceed 1 — 2 ml/mol. 

Table II allows a comparison with the olectrostrictions recorded by Me Mebkin, Cohn and 
Wearb 10)^ Grbenstbin and Wyman H) and Edsall 

Also here the agreement is as good as could be expected, which indicates that our assumed 
value for ^V|on is reasonable. 

The above figures are sufficient for the calculations in the isoelectric zone where all the 
substances in question are present as amphoions. Outside of this zone however complications 
arise due to ionization of the peptides and their split products. If other buffers are added, their 
ionization must be taken into consideration too. Hence a number of additional data are required 
for the determination of the volume change at any ph and in any medium. Since in the experi- 
mental part experiments are recorded in which proteins are hydrolysed with trypsin and chy- 
motrypsin at ph values around 6 — 9 we have centered our interest on the conditions in this ph 
interval. As buffers we have chosen mixtures of ammonia and ammonium chloride and of pri- 
mary and secondary phosphate. 

If no buffer is added and ph is regulated by means of NaOH we have only to deal with 
proton transfers from one amino acid or peptide to another according to the scheme: 

NHg+ECOO- + NHjjRiCOO- == NHaRCOO- + NHg+RiCOQ- 

In consequence of our previous generalizations we shall here assume that the forniation 
of all negative amino acid or 'peptide ions is accompanied by the same contraction. The degree of 
accuracy with which this is fulfilled is seen from Table I, sections 8 — 12. 

If ammonia is used as a buffer substance the proton transfer from ammonium ions to 
negatively charged amino acid or peptide ions or vice versa must be taken into consideration. 
Here again we shall assume that the volwnie change, AN\on accompanying the formation of an 
ion pair consisting of an ammoniuvi ion and a negative ammo acid or peptide ion is the same in 
all cases, viz. — 18. (Table I, sections 13 — 15). 

If finally phosphate is used as a buffer, the big contraction due to the formation of the 
divalent phosphate ion must be considered (see page 115). 

The value — 13 was adopted for the volume change JVion* accompanying the formation of a 
diphosphate ion with simulianeovc disappearance of an amino acid or peptide anion and a 'mono- 
phosphate ion. 

The accuracy of this assumption is seen from Table I, section 16 — 18. 
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In strongly acid or alkaline solutions the proton transfer between H3+O and OH*" and the 
substances in question must be taken into consideration. We shall here refer to section A4 in 
which the splitting of glyoylglycine in the whole ph region from 0.6 to 18.6 has been investigated. 

2. The splitting of peptides in the isoelectric zone. On the basis of the figures 
in the preceding section we are now able to calculate the volume change due to electrostriction 
in the isoelectric zone. The results are as follows: 

Splitting of dipeptides: 

NH3+CH2C0NHCH2C00--+H20-^2 NH3+CH2COO*" 

(Disappearance of a long dipole, formation of two short ones) 

J V = 2 AN dp — ^ Vidp = —26.0 + 16.5 == —10.6. 

Splitting of one peptide bond in tripeptides: 

NHa+CHgCONHCHjjCONHCHgCOO- + HaO-^NHg+CH^COO- + NHs+CHaCONHCH^COO- 

(Disappearance of a tripeptide dipole, formation of a long and a short dipole) 

AY = JVdp + 4V,dp — AYiidp = —13.0 — 16.6 + 16.6 = —12.0 

Splitting of one peptide bond in tetrapeptides: 

1. A terminal bond (Disappearance of an ion pair, formation of a tripeptide dipole and 
a short dipole) 

JVdp+ JV„dp- JVio„=:-12.6 

2. The bond in the middle of the chain (Disappearance of an ion pair, formation of two 
dipeptide dipoles) 

2.dV,dp- AY ion = ~14.0 

Splitting of one peptide bond in polypeptides 

1. A terminal bond (formation of a short dipole) 

JV= JVdp = —13.0 

2. A bond next to a terminal bond (formation of a long dipole) 

JV= JVidp- 16.5 

3. A bond in the middle of the chain (formation of an ion pair) 

AY= JV|on=— 17.0 


3. The splitting of peptides in the ph range 6--10 with or without addition of buffers. 

Our calculations of the contraction accompanying the splitting of peptides in this ph 
region were based upon the following trivial considerations. In the course of the hydrolysis 
a change in ph will occur in practically all cases except in the ideal one that infinite amounts 
of buffers are added. Only in the isoelectric zone this ph change is without significance for the 
ionization and consequently for the contraction. Outside of this range the change in ionization 
due to the change in ph must be considered. This was done in the following elementary way: 
The mass action equation for any ampholyte may be written 


Ca — • Ch 
C+a — 


= Ka 


and putting o*— + 0+ a— = 


Cra we obtain 
Ca- = 


Cra 


1 + — - 

^ Ka 


( 9 ) 
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Similarly in a mixture of ampholytes we have 

^ Oa— = S — 


0t« 


1 + 


Ch 

Ka 


(10) 


If the ph of the ampholyte mixture is regulated by addition of base, say NaOH, and no 
buffer added, we must have 

S — ?!» — 

CNa+ = constant (11) 


1+ -X 


®iL 

Ka 


From this equation ph and the composition of the system in general may be calculated 
at any stage of the enzymatic process provided the values for Ka are known and the successive 

Cte 


values for Cra ftre inserted. The following graphical method was used: Plotting 


1 + 


Ch 

Ka 


against ph gives the well Imown S-shaped curve whose form is independent of Ka and whose 
midpoint is situated at ph = — log Ka- Hence a number of templets were made corresponding 
to different values of Cxa (e.g. for CTa= 0.2, 0.15, 0.1, 0.076, 0.05 and 0.025) and the S-shaped 
curves were drawn for the different ampholytes (with their different values for — log Ka), 
inserting discrete values for Cxa* The ordinates of these curves were added up and a new curve 
was found. The point of intersection of this curve with a line drawn parallel to the axis of abscis- 
sae and at a distance from this equal to CNa+ determines ph of the mixture and hence the con- 
centrations of all the different components. 

If ammonia-ammonium chloride buffer is added we have the equations 

Ch • Chh. _ ^ 


and 

from which 


Knh, • 

Cnh4+ 

Cnh* “h Cnh4+ == Ctnh, 
Ctnh, 


CnH4+ 


1 + 


K 


NHs 


Hence for the ampholyte system we obtain 

®Ta Ctnh, 


Ch 


1 + 


Ch 


1 + 


K 


NH. 


• CNa+ — Cq- 


(13) 

(14) 


(16) 


Ka Ch 

ph is here determined as the point of intersection between the S-shaped curve for ammonia 
and the curve obtained by adding up CNa+ » cci— . and the ordinates of the curves for the ampho- 
lytes. If phosphate buffer is added we obtain 

V ®Ta Ctp 

(16) 


Ch 


1 + 


Ch 4 " CNa+ 


‘ Ka ‘ ' Kp 

in which 0Na+ hi the concentration of NaOH added as such, plus one half of the concentration 
of secondary phosphate. 


(80°) 


Cohn i^)): 

Amino acid 

Pks 

9.4 

(80") 

Polypeptide 

Pica 

7.6 

Dipeptide 

Pica 

8.0 

If 

Arnmnnift 

Pknh. 

9.0 

Tripeptide 

Pxa 

7.8 

ff 

Phosphate 

Pkp 

6.8 

Tetrapeptide 

Pxa 

7.7 

>f 
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Fig. 1 may ser- 
as an illustra- 
tion of the graphi- 
cal method and the 
calculation of JV 
as a whole. 

A dipeptide 
(glycylglycine, gg) 0.05 
is assumed to be 
present initially in 
a concentration of 
0.1 m (initial Cxgg). 

We wish to deter- 
mine the average f 
contraction per mol 
peptide bond split ^ 
during the hydro- T 
lysis of 50 per cent ▼ 
of the peptide. Hen- 
ce the final pep- 
tide concentration 
is 0.06 m (final Cxgg) 
while that of gly- o.05 
cine (final Cxg) is 0.1 
m. The glycine cur- 
ve is set off below 
the zero line in or- 
der to make the fi- 
gure a little clearer. 

Initial ph 7.4. If ph is regulated by means of NaOH this initial ph corresponds to CNa+ = 
0.02. The line parallel with the axis of abscissae intersects the curve representing Cgg_ + Og- 
at 60 per cent hydrolysis in a point the abscissa of which is ph — 7.72 (final ph). Hence we have: 


Initially: 

Cgg_== 0.020; 

Ogg= 0.080; 

<5Tgg 0.1 

finally: 

Cgg_= 0.0175; 

Cgg— . 0.0325; 

Cxgg 0.05 


Cg_ =0.0025; 

Cg = 0.0975; 

Cxg = 0.1 


Increase in cone, of ions: — (Cgg-)init + (cgg- + og-)fin = — 0.020 -j- 0.0175 -|- 0.0025 == 0 
Increase in cone, of dipeptide dipoles: — (Cgg)init + (Cgg)fin == — 0.080 + 0.0326 = — 0.0476 
Increase in cono. of amino acid dipoles: (cg)fin = 0.0976 


E JV= (+0.0975 JVdp-0.0476 ^V,dp) = - 

-10.6 

InitvA ph 8.51. NaOH alone. 


= 0.076, final ph 9.03. 

Initially: Cgg_ = 0.076; 

cgg= 0.024 

finally: Cgg- = 0.046; 

Cgg= 0.004 

Cg_ = 0.0295; 

Og = 0.0705 


Increase in cono. of ions: (ogg-.)init + (ogg- + Og.-)fin = — 0.076 + 0.046 + 0.0295 = 0 

Increase in cono. of dipeptide dipoles; — (cgg)init + {Ogg)fin == — 0.024 + 0.004 = — 0.020 
Increase in cono. of amino acid dipoles: (cg)fjn== 0.0705 

E (+0.070 .dVdp — 0.020 JVwp) -12.0 



Fig. 1. 

Hydrolysis of a dipeptide (gg) into two amino acids (g). 
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Initial fh 8,51 NH^ alone, Otnhs = ^ 

Final ph 8.78 

Initially: Cgg_ = 0.076; Cgg= 0.024; Cnh*'*' = 0.076 

finally: Cgg— = 0.048; 0.007; 0.0685 

Og- = 0.0196 Og = 0.0806 

Increase in cone, of ion pairs: 

Yz (— 0.076 + 0.048 + 0.0196 — 0.076 + 0.0686) = --0.018 

Increase in cone, of dipeptide dipoles: 

— 0.024 + 0.007 = —0.017 

Increase in cone, of amino acid dipoles: 0.0805 

SJV= (+0.0806 JVdp~ 0.017 0.018 J V^on) ^ = - 11.0 

Initial ph 8,51, Cone, of ammonium chloride- ammonia buffers Qo; final ph 8,51, 

Initially: Cgg-= 0.076; Cgg= 0.024; 

finally: Cgg-= 0.088; Ogg= 0.012; 

Cg« == 0.012: Cg = 0.088; 

Increase in cone, of ion pairs: ( — (ogg_)injt + (Cgg- + Cg~)fin) == — 0.026 
Increase in cono. of dipeptide dipoles: — 0.024 + 0.012 = —0.012 
Increase in cono. of amino acid dipoles: 0.088 ^ 

SidV=: (0.088 JVdp- 0.012 JV, dp — 0.026 JV^on) 

0.05 

Splitting of a dipoptide Splitting of a tripeptide ^he curves in Figs. 2, 3 and 4 were 

calculated in this way: The ordmates 
are the average volume change (per mol 
peptide bond split) during the splitting 
of 50% of the peptides in question. The 
abscissae are the initial ph values. The 
initial concentration of peptide was 
chosen as 0.1 m, but within the limits 
of the validity of Weberns figures the 
results are independent of the absolute 
concentrations of peptides and buffers. 

ph regulated with NaOH. 

— — - ph regulated with NaOH 

and NH4CI, NHs, buffer 
(0.2 m) Ratio between buf- 
fer and initial peptide cone. 
CTNHs/cra = 2 

— — — ph regulated with NH4CI, 
NHj buffer at infinite con- 
centration Ratio between 
buffer and initial peptide 
cone. = 00 

• — • — • ph regulated with NaOH 
and 0.2 m phosphate buffer 
(ctp = 0.2) Ratio between 
buffer and initial peptide 
cone, CTp/cTa = 2 

. — . — . ph regulated with phosphate 
6 7 8 9 10 67 8 9 10 buffer at infinite conoentra- 

P*» — > tion Ratio between buffer 

and initial peptide cone. oo 



Fig. 2. 
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To give an idea of the variation of 
JV/mol during the process of hydro- 
lysis this quantity was calculated for 
25, 50, 75 and 100 per cent hydrolysis 
of di- tri- and tetrapeptides at ph 8 , 
the ph adjustment being made with 
NaOH, only. The results are seen in 
table III and may be regarded as repre- 
senting the worst possible case since 
the variation during hydrolysis is always 
smaller when extra buffers are added. 

TABLE III. 


Change in JV/mol during hydrolysis, 
ph 8. NaOH. 


per cent 
hydro- 
lysis 

dipeptide 

tripeptide 

tetra- 
peptide 
(in the 
middle) 

25 

—10.8 

—12.6 

! —15.3 

50 

—11.1 

—12.7 

—15.1 

76 

—11.5 1 

—12.7 

—15.1 

100 

—11.8 

—12.8 

—15.0 


A few explanatory remarks concer- 
ning Fig. 2 — 4 may not be superfluous. 


Splitting of a terminal bond Splitting of a terminal bond 
in a tetrapeptide. in a poiypeptide. 



Splitting of a tetrapeptide Splitting of a polypeptide 
in the middle. in the middle. 



The hydrolysis of a dipeptide (Ug. 2) 
is, cn the acid side of 9.36 *), accom- 
panied by an increase in ph. This is 
due to the high pk value of the amino 
acid as compared to that of the pep- 
tide. The disappearance of peptidis 
anions due to hydrolysis must be com- 
pensated by an ionization of the residual 
peptide since the amino acid formed is 
but slightly ionized. In ammonia buf- 
fered solutions this increase in ph causes 
a de-ionization of NH 4 + (dotted curves) 
and hence the contraction found here is 
lower than in the solutions without 
foreign buffers. In phosphate buffered 
systems the rise in ph causes a forma- 
tion of divalent phosphate ions and an 
increase in the calculated contraction. 

On the alkaline side of ph 9.35 a 
fall in ph is observed during the hydro- 
lysis because the ionization of the amino 
acid is now so pronounced that an 


*) Assuiniii<^ values for pK given 
on page i 04 . 
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excess of ions appear which must be compensated by a de-ionization of the ampholytes 
present. Hence in ammonia buffered solutions a higher contraction, and in phosphate buffered 
solutions a lower contraction is found than in the unbuffered systems. At finite phosphate 
buffer concentrations the effect is small because we are far outside of the range of this buffer, 
but at infinite buffer concentration a very great effect is observed, so great actually that a 
dilatation occurs above ph 9.8. This is an ideal case it is true, but it serves to show the ultimate 
effect of phosphate upon the contraction. 

The above considerations are valid also for the splitting of tripeptides and of terminal 
bonds in tetrapeptides, only the ph values at which the ph variation changes its sign are lying 
at 8.89 and 8.06, respectively. The effects are smaller here because the substances split are more 
like those which are formed. In the three residual cases however, (splitting of terminal bonds in 
polypeptides and of bonds in the middle of the chain) the situation is changed in that the hy- 
drolysis always is accompanied by an mcrease in ph. The difference between the pk values for 
the peptides and their split products is so small that in all cases an excess of ions will appear 
during the hydrolysis. Since in the systems, Fig. 4, the range of ionization of all the ampholytes 
is close to the buffer range of the phosphate we find here a strong depression of the contraction 
even in systems buffered with finite concentrations of phosphate. Table IV shows the magnitude 
of the ph displacement during hydrolysis in three characteristic cases. 

The rise in contraction towards 
greater alkalinity which is observed 
in all ammonia and phosphate free 
systems except the last one (Fig. 4 to 
the right) may be understood on the 
following basis: 

If ph is regulated with NaOH, 
the determining factor is the connec- 
tion between chain length and Pk 
value. The longest dipoles have the 
smallest pk values (see page 104) and 
hence with increasing ph they will be 
ionized (i.e. decrease in relative con- 
centration) before the short dipoles. 
At the same time the formation of 
the longest dipoles causes the highest contraction and since they disappear in the reaction 
while shorter dipoles appear, the dilatation due to disappearance of long dipoles will, with 
increasing ph, become less and less significant in comparison with the contraction due to 
formation of short dipoles. (It will be remembered that the sum of the concentrations of 
negative ions is constant throughout the reaction (equation (®)). 

If ammonia buffer is present we have the further possibility of ion pair formation at ph 
values higher than that at which the ph displacement is zero. In consequence hereof all the 
curves for systems buffered with infinite amounts of ammonia buffer tend towards the value 
— 18.0 which will be reached at ph values where all dipoles are completely ionized. 

In all these calculations no account was taken of the dilatation due to de-ionization of 
hydroxyl ions during the hydrolysis in the more alkaline solutions. Since however an initial 
ph value of 10 corresponds to an OH concentration of 0.000 1 the highest possible dilatation 


TABLE IV. 


ph displacement during 50 per cent hydrolysis 
of a dipeptide, tripeptide and polypeptide (in 
the middle), ph regulated with NaOH only. 


Initial ph 

1 

Dipeptide 

Tripeptide 

Polypeptide 

7 

0.80 

0.07 

—0.22 

7.5 

0.:iS 

0.07 

—0.27 

8 

0.52 

0.08 

—0.44 

8.5 

0.54 

—0.06 

—0.72 

9 

0.81 

—0.34 

—1.13 

9.6 

—0.09 

—0.74 

—1.60 

10 

—0.68 

—1.23 

—2.03 


originating from this process will be 25.7 — == 0.05 ml/mol (see below) and may there- 

0.05 


fore be disregarded. 


4. Comparison with previous experiments. Dipeptide splitting in the whole ph 
region from 0.6 to 13.6. The only previous investigations which may be directly compared 
with the above oaloulations are those by Bona and Fibohqold i) and Lindbrstboh-Lano 
and Lanz^). The former authors determined the contraction accompanying the hydrolysis 
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of glycylglyoine, alanylglycine and glycylalanine in strong acids and bases. The measurements 
were not of the highest accuracy since glycyl peptides behave abnormally in Van Slykkb 
method for amino group determination which was used for following the chemical change. 
Furthermore the concentrations used (1.5 n NaOH, concentrated HCl) were so high that a 
comparison with figures based upon Weber's measurements is difficult. Still, we have thought 
it of value to calculate the dipeptide contraction in a broad ph region to show the effect of proton 
transfers between H 3 +O, OH"" and the reacting substances. The curve in Fig. 6 which shows 
the results is calculated in a different and easier way than the previous curves, the ordinates 
being the initial contraction (ml/mol) calculated by means of the equations: 

JV = — 9.2 • 7.1 • — 10.5 (acid side of the isoelectric zone) 

dcrgg ^<^Tgg 

and 

JV = — 25.7 • — 2B.6 • — 10.5 (basic side of the isoelectric zone) 

dcrgg dcrgg 

in which the figures — 9.2, — 7.1, — 25.7 and — 23.6 are the volume changes in the processes: 


GG+ + HgO-)- +GG- + H 3 +O: G+ + +G- + H 3 +O; 

GG- + HgO-^ +GG' -f OH-: G- f + OH-; 

(Weber 8)). 

The differential quotients were found from equations such as (®), putting cxg (total con- 
centration of glycine) equal to zero after differentiation. 

It appears from this curve that on both sides of the isoelectric zone there is a distinct rise 


in the contraction, which is to be explained in 
rise is however followed by an abrupt decline 
ions exert their maximal influence in the initial 
step of the hydrolysis because the fall in ph 
in the alkaline region (de-ionization of OH“) and 
the corresponding rise in ph in the acid region 
(formation of H 3 +O) is much more pronounced 
at the beginning of the hydrolysis. Hence iii 
Fig. 5 the decline sets in at lower ph values 
than if the average volume change during 50 
per cent hydrolysis had boon calculated (Fig. 2). 

At very low and very high ph values the 
curve approaches the values — 5.5 and -fll.O 
respectively, while Kona and Fischoolu f ) find 
the values — 2.5 and +9.0 in strong acid and 
base respectively. If the volume change due t 
peptide bond (compare page 98) is assumed to b 


a similar way as in the preceding section. The 
due to reactions with 011“ and H 3 +O. These 



1 2 3 4 5 t> 7 8 9 10 n 12 Ki 

ph — >- 

Fig. 6. V(;lume change acscompanying dip(‘p- 
tide splittiiig. 

the water addition and the breaking of the 
independent of ph, the differences 


—5.5 — (+11.0) =—16.5 
and —2.5 — (+ 9.0) = — 11.5 


ought to be the same. Kona and Fischgold who have made a similar comparison themselves 
explain the discrepancy as being due to experimental errors. An alternative explanation would 
be that there is a considerable salt effect which renders the comparison with Weber's figures 
uncertain. 

A more direct comparison of this kind can be made in case of the dilatomeiric determina- 
tions by Lindbrstr0m-Lang and Lanz ® ). Table V shows some calculations of the volume chan- 
ge in phosphate buffered dipeptide solutions. The calculated volume changes in Table VI were 
found from these figures by graphical interpolation. The found values are taken from the above 
quoted paper. The differences found — calculated, t.€., the volume change due to water addition 
and scission of the peptide bond, agree extremely well considering the assumptions made in 
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the calculations and the experimental errors in the dilatometric determination (e.g., due to 
buffer substances introduced together with the enzyme solution, the presence of glycerine (®) 
and BO on). 

TABLE V. 


Average volume change ml/mol and total ph displacement during 50 per cent hy- 
drolysis of a dipeptiae at different ph and phosphate concentration. Initial con- 
centration of dipeptide: 0.1 m. 


phosphate 

cono. 

initial ph 6.8 

initial ph 7.4 

initial ph 8.0 

Jph 

JV 

Jph 

JV 

Jph 

JV 

0 

0.28 

—■10.56 

0.33 

—10.60 

0.53 

—11.07 



—11.11 

0.29 

—11.88 

0.52 

—11.33 



—11.45 

0.26 

—11.80 


—11.61 



—11.53 

0.23 

—12.30 

0.49 

—11.88 


0.05 

—11.60 

0.19 

—12.59 

0.47 

—12.16 


TABLE VI. 


Average volume change during 50 per cent hydrolysis of alanylglycine at different 
ph and phosphate concentration. Initial concentration of alanylglycine: 0.1 m. 


Initial 

ph 

Phosphate 

cone. 

found (®) 

IV 

calc. 

foimd — calc: 
volume change due 
to water addition and 
scission of the peptide bond 

6.8 

0.0167 

—9.2 

—11.8 

+2.1 

7.4 


—9.1 

—11.2 

+2.1 

7.4 


—9.4 

—11.5 

4*2.1 

7.4 

0.0333 

—9.9 

—12.1 

+ 2.2 

8.0 

0.0167 

—9.4 

—11.4 

I 

4-2.0 


B. Splitting of peptides with charged side chains. 

If the results of the calculations in the foregoing section shall be applied to the problem 
of the cleavage of proteins it is necessary to say a few words about the possible influence upon 
the contraction of other charges than the terminal ones. It is quite clear that the presence of 
other charges belonging to ionogen groups in the amino acid residues will produce an additional 
effect. Thus in a peptide built up by lysine and glutamic acid alternately; 


H I 

— NH — C — CO — NH 

I f 

CH, ! 

CH, 

CH, 

CHNI4+ 


H 1 

H 

C— CO — NH 

1 r 

— C — CO 

1 

1 

CHj 

CH, 

j 

CH, 

j 

COO- 

j 

CH, 


1 

CHNH, 


we must expect that an additional contraction will accompany the scission of the peptide bond 
2 due to the simultaneous separation of the and GOO~^ groups, and the formation of two 
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doubly charged ions. In case of the splitting of bond 1 the effect will be much smaller because 
two dipoles are formed here. Similarly it might be expected that chains containing pairs of 
positively charged residues (such as in clupein (see later)) will show a reduced contraction. 
Everything depends here upon the distance between such side chain ion pairs, a question to 
which we are not able to contribute much. It may however be safe to point out that these 
effects cannot be large. We have seen that the contraction accompanying the formation of an 
amino acid dipole is around 13 ml/mol, i.e, 4 ml/mol smaller than that accompanying an ion 
pair formation. On the other hand the dipole moment of glycine is 20 • 10*"^® (IS) corresponding 
to a distance of 4 Angstrom between the charges. Hence considering that the ions in the above 
peptide may move about 15 Angstrom apart, that they have a very slight tendency to associa- 
tion and are comparatively unrestricted in their thermic momevement, we may feel sa o to 
conclude that their average distance is greater than that of the ions in glycine *). We can there- 
fore hardly expect more than a couple of ml/mol of additional contraction to originate from 
this source. 

In section A it was found that the highest possible contraction in connection with the hydrolysis 
of polypeptides was 17 — 18 ml/r}wl. The above effects may raise it to a little above 20. In these 
figures is not included the volume change accompanying the water addition and the breaking 
of the bond, but as mentioned above this volume change is probably small and may even be 
of the opposite sign. If therefore considerably higher contractions are found at the splitting 
of proteins by enzymes it would indicate the presence of special structures in these substances. 
We shall return to this question in the following. 

In connection with these considerations we may call attention to the buffer effect of the 
ionogen groups in the amino acid residues. In the above treatment the buffer effect of the 
terminal NH3+ groups (and COO" groups (Fig. 5)) was included in the calculations and played 
a dominant role in the determination ot AY outside of the isoelectric zone. Amino groups in 
the amino acid residues, will of course have a similar effect but this effect will be closely compa- 
rable to that of ammonia or other foreign buffers of this type (Weber 5)) and consequently 
it is unable to change the general picture given in figures 2 — 4. Kesidual carboxyl groups may 
have a slight diminishing effect upon the contraction in the ph region 6 — 7, but in general it 
must be emphasized that the maximal contraction given for the hydrolysis of polypeptides is 
but insignificantly influenced by these factors. 

C. Splitting of Proteins. 

As mentioned in the introduction comparatively few dilatometric investigations on pro- 
teins are found in the litterature, and unfortunately most of them were made under such con- 
ditions that no definite conclusions can be drawn from the results. The experiments by Eon a 
and Fischgold^) dealt with the volume change accompanying the hydrolysis of ovalbumin 
and caseinogen by pepsin and by alkali and in both cases the medium in which these processes 
proceed is destructive to other groups than peptide bonds. In the investigations by Srbeniva- 
SAYA and coworkers 4) the tryptic digestion of caseinogen and gelatine was studied but since 
phosphate buffer of ph 7.7 was used (in unstated concentration) it is evident from the foregoing 
chapters that the values found ( — 10.8, — 8.7 ml/mol) must be too low due to the transformation 
of HPO4" " to H2PO4" during the hydrolysis. We have therefore carried out a series of inves- 
tigations in which either no buffer or NH4+, NHg buffer was added, an experimental procedure 
which seems to us to secure the simplest possible results. The hydrolysis of clupein by crystalline 
trypsin and chymotrypsin was studied at ph 6 (no buffer) and ph 8 (0.1 m NH4+, NH3 buffer) 
and that of lactoglobulin at ph 8 (0.1 m NH4+, NH3 buffer). The results are summarized in 
Fig. 6 the volume change per mol peptide bond split being plotted against the average number 
of peptide bonds split per protein molecule (see page 118). 


•) In tho case of adjacent charges of the same sign such as in clupein the mean distance will be 
much larger and the effect correspondingly reduced. 
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It appears from this figure that clupem which was chosen as a representative of proteins 
with peptide chain structure shows a contraction per bond split which altogether 

falls below the upper limit given in the preceding chapters for the splitting of peptides. Ji any- 
thing the contraction is a little low for a polypeptide but that may easily be compensated by 
assuming a suitable po itive value for the volume change accompanying the water addition 

and breaking of the bonds (page 98). The separation 
of the aggregation of positive charges found in this 
protein may also tend to diminish the contraction 
a little. 

Curve II represents experiments carried out at 
ph 6 as well as ph 8, the contraction — hydroljrsis 
curves being nearly identical in these two cases 
(Pig. 11 and 12). This is again understood on the 
basis of the previous curves (Pig. 4 to the right). The 
decrease in contraction during hydrolysis is more 
difficult to explain in terms of electrostriction. 
Clupein contains around 28 peptide bonds in its 
molecule and hence the breaking of 2 — 3 bonds 
would lead to octa- or heptapeptides as an average, 
t.e., to peptides which hardly are short enough to 
show a decrease in contraction. At the same time 
we know too little about the contraction accom- 
panying the hydrolysis itself (water addition and 
breaking of the bond) a quantity which may vary 
considerably from peptide bond to peptide bond 
depending upon chain length and adjacent groups. 
It is therefore premature to discuss this question at 
any length. We may further add that the effect is 
of the order of magnitude of the experimental error of the methods used (page 114), this error 
being especially heavy in the initial stages of the hydrolysis. Curve I shows no such de- 
crease and since it is quite likely that the splitting of clupein by chymotrypsin is actually effec- 
ted by an impurity of trypsin, (the rate of reaction being about 400 times smaller than that of 
trypsin) further experiments with improved technique are required to decide this question 
definitively. Everything considered however, there is no doubt that clupein in these experi- 
ments behaves quite normally as a peptide, which is in good agreement with previous inves- 
tigations (1®, i*?). 

The curves representing the splitting of lactoglubilin are essentially different. We have 
here volume effects which are quite incompatible with those calculated for peptides. The 
contraction accompanying the splitting of the first bonds in the protein molecules is much too 
high and especially so in case of the splitting by chymotrypsin. 

Several explanations of this peculiar phenomenon may be considered: 

a. Experimental errors; e,g,, incomplete determination of the groups (amino or carboxyl 
groups) set free in the enzymatic process or errors in the determination of the initial volume 
changes in the dilatometer (volume changes caused by heat phenomena accompanying the 
process of mixing enzyme and substrate). 

b. Spontaneous destructive processes accompanied by marked contractions but not by 
liberation of such groups as are determined in the chemical analysis. 

c. Enzymatic processes of the same type. 

As regards the sources of error mentioned under a, we feel confident that they may be 
disregarded. We refer here to the experimental part in which the question has been touched 
upon (pages 117 and 118). To our opinion the interest must be centered either upon b or c and 
although it seems premature to elaborately discuss the possible processes, a few remarks may 
not be out of place. First of all it may be practical to distinguish between secondary and primary 



Number of peptide bonds split per protein 
molecule. 

Fig. 6. I. Clupein, chymotrypsin. 

II. Clupein, trypsin. 

III. Lactoglobulin, chymotrypsin. 

IV. Lactoglobulin, trypsin. 

V. Denatured laotoglubolin, tryp- 
sin (Denaturation at ph 3) 
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deBtruotive processes. The enzymatic process itself gives rise to a secondary destructive process. 
The scission of the peptide bonds which is chemically measured as an increase in carboxyl 
groups (or amino groups) produces of course a deepgoing destruction of the highly organiz^ 
protein molecule. If for a moment we adopt the picture of the rolled-up peptide chain, this 
chain will be split to form shorter peptides and the residual linkages which served the purpose 
of stabilizing the original molecular structure either remain intact as linkages between the 
fragments or are spontaneously broken, all depending upon their nature and strength. The S-S 
linkages will undoubtedly belong to the former class while probably such linkages as t,saU 
linkages** (Spearman) and hydrogen bonds will be spontaneously disrupted. It cannot be ex- 
cluded that volume changes may accompany processes of this kind but the ultimate effect 
originating from these sources can only be determined if the number of such linkages per protein 
molecule is known and hence for this reason alone we must refrain from estimating the effect 
of the disruption of hydrogen bonds. In the case of salt linkages we know more about the pos- 
sible number which is of the order of magnitude of 20 (the number of residual aminium groups 
or carboxyl groups) and if the term means nothing but the mutual attraction between two 
oppositely charged ions (being separately in equilibrium with the hydrogen ions of the medium) 
the problem is actually related to that discussed on page 111 viz, the problem of the influence 
of residual charges upon the contraction. In the form in which it was considered there this 
influence seemed unsuitable as a basis for explaining our experimental results, but it must be 
remembered that in a straight peptide chain we have only to reckon with the separation of 
one residual ion pair per peptide bond split while in a rolled-up peptide chain or in an aggregate 
of peptide chains several ion pairs may be released from their mutual contact by the scission 
of one peptide bond. This idea (which was put forward by Dr. Edball in a discussion with one 
of the authors) can hardly be entirely excluded but for the following reason it seems less likely 
in the present case: The total contraction per lactoglobulin molecule after the splitting of 30 
bonds by chymotrypsin is 960 ml. If we assume that the actual contraction accompanying the 
splitting of these 80 bonds is as high as 
26 X 30 = 760 ml we get an excess con- 
traction of 200 ml which distributed over 
20 ion pairs gives 10 ml to each, a quite 
unlikely value. In addition it must be 
remembered that part of the residual 
aminium groups are de-ionized at ph 8 thus, 
e.g.f the histidine groups. 

As primary destructive processes on 
the other hand we may consider such 
processes as must take place prior to the 
scission of the peptide bonds, in other 
words chemical changes which prepare the 
protein for the attack of the peptide bond 
splitting enzymes. Primary destructive 
processes may be spontaneous or may be 
catalyzed by non-identified components 
of the crystalline enzyme system applied. 

As regards spontaneous processes those 
involved in the denaturation of proteins 
must be considered first of all. It is a well 
known fact that denaturation of a protein results in an increased rate of hydrolysis by protein- 
ases. It was furthermore shown (l®) that a distinct fall in activation energy accompanied the 
rise in rate and the possibility was pointed out that peptide bonds may „appear” upon 
denaturation just as thiol groups ^appear** (compare (^®))- If therefore the chemical changes 
involved in denaturation transform the protein molecule so that peptide chains ,, appear** it 
was to be expected that the contraction per peptide bond split would fall. This idea was tested 

8 



tunc, min. — 

Pig. 7. Rate of splitting of lactoglobulin by trypsin. 
# genuine lactoglobulin. 

A X lactoglobulin denatured at ph 8. 

■ lactoglobulin denatured at ph 3. 
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with lactoglobnlin denatured at ph 8 and ph 8 at which ph values no flooulation occurs. The 
experiments gave no quantitatively consistent results, but qualitatively they showed a 
considerably lower initial value for the contraction accompanying the splitting by trypsin, 
(curve V, Fig. 6). The simultaneous rise in rate is seen from Fig. 7 (compare also Fig. 16). 
However, the initial fall was followed by a rise in contraction above that characteristic of the 
genuine protein at the same stage of the decomposition so whatever peptide-like compounds 
are formed in the denaturation the structural peculiarities which cause the high contraction 
are not effaced but remain in other molecules or in other parts of the molecule. This was 
perhaps to be expected because the volume change accompanying the*denaturation of proteins 
is only slight (see (^) and (21)) and hence the average contraction over the complete hydro- 
lysis of a protein must be nearly the same for genuine and denatured molecules; but it is 
certainly not in favour of the assumption that the eventual primary processes causing the 
high contraction are exclusively such as are involved in ordinary denaturation. In this con- 
nection it is interesting to observe that the splitting by chymotrypsin is but little influenced 
by a preceding denaturation (Fig. 17, initial part of the curves as compared with Fig. 16). 

Naturally, the question cannot be solved on the basis of the limited material presented 
here. It is premature to postulate the existence (and presence in the enzyme preparations used) 
of susbstances which are catalytically active in the break-down of other structures in the pro- 
teins than peptide-like structures. But the experiments undoubtedly show that attempts to 
adjust the results obtained to the classical peptide chain theory meet with considerable diffi- 
culties. 


III. Experimental part. 

A. Materials. Glycine ethylester hydrochloride. Prepared at the Gerlsberg Laboratory several 
years ago. Rocrystallized from alcohol. Theoretical base consumption in alcohol before and after 
recrystallization. 

Alanylglycylglycine. Prepared in the laboratory according to E. Fisohbb. Theoretical acid 
and base consumption in acetone and alcohol respectively. 

Clupein salts. The sulphate was prepared according to Kossbl 82) and converted into- the 
chloride as described by Rasmussen and Lindbrstb0m-Lano 83). 

Lactoghbulin. Prepared according to Palmers method (24) as modified by Sorensen and 
Sorensen 25). Recrystallized three limes. 

Trypsin and chymotrypsin. Prepared according to Kunitz and Northrop 26). 

B. Some determinations of the volume change accompanying proton transfers In aq*Jeou8 
solutions. The two-bulb dilatometer used in these determinations is described elsewhere (0, 27). 
The two solutions the reaction of which was to be measured were introduced into the two bulbs, 
kerosene was filled in, the calibrated capillary tube inserted and the dilatometer immersed into a 
water-bath at 20^ db 0.003. After attainment of temperature equilibrium the position of the meniscus 
was read during a period of 16 minutes. After mixing the two solutions the reading was continued 
for 80 minutes. The difference between the mean values of the two sets of readings (which should 
not deviate more than 0.06 fi\ from the individual readings) was taken as the volume change accom- 
panying the reaction in question. Care was taken that the ph value of the solutions (immixed or 
mixed) was lying between 4 and 10 so that reactions between H,+0 and OH~ could be neglected. 
Exceptions were systems in which Hg+0 was one of the reactants. Here pure 0.1 N HCl was used 
as one of the solutions while the ph value of the other solution was kept below 10. If ph of the mix- 
ture was below 4 as in the case of alanylglycylglycine a correction for the remaining hydrogen ions 
was introduced. Table VII shows the results and needs no further explanation. As regards the the- 
oretical side of the question we refer to Weber and Naohmannsohn 7, 8). 

C. Eniymatlc experiments. In the enzymatic exp^iments the enzyme and substrate solu- 
tions, 10 ml of each, were placed in the two bulbs of the dilatometer. ph and buffer concentration of 
both solutions were the same in order to reduce the volume changes due to the mixing as much as 
possible. The water bath in which the dilatometer was placed had the temperature 8(P rb 0.001 
and the periodical volume change shown by control dilatometers was 0.02 ul. 

In each experiment such a control ditotametw containing inaotivateci enz5rme, but otherwise 
having an ident^ filling wae placed in the vicinity of the dilatometer containing the reaction mix- 
ture. The contents of the bulbs of the two dilatometers were mixed and the positions of the menisoi 
were read with a difference in time of 10 sec. Readings were made at interv^ for 1—2 hours. The 
figures obtained by subtracting the differences between these two sets of readings from the drKerence 
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before mixing were taken as the volume changes accompanying the enzymatic reaction. In this way 
it was possible to correct for the slight volume change accompanying the mixing of enzyme and 
substrate and thus to avoid the rather uncertain extrapolation to zero time. 

Simultaneously with t he dilatometrio experiment the chemical reaction was followed in enzyme 
substrate mixtures of identical composition, covered by kerosene *) and placed in the same water- 
bath. In most cases (see p. 117) large two-bulb tubes of a similar construction as the dilatometer 
vessel were used in order to facilitate sampling immediately after mixing enzyme and substrate. 
Carboxyl or amino groups were estimated in 2 ml samples taken at intervals (generally after 1, 2, 
4, 8, 12, 18, 24, 32, 48 and 64 min) using the same standardized pipette throughout an expejiment. 
The essential details of the chemical analysis were as follows; 

1. Determination of carboxyl groups (WillstIttbr and Waldsohmidt-Lbitz 28)). 
Titration of solutions containing clupein: Reaction stopped with 2.5 ml alcohol at — 10" (at 20® a 
demonstrable enzymatic activity is found in 60% ale.). 7.6 ml alcohol (at 20®) added in the course 
of tlie titration (0.0346 N alcoholic NaOH, indicator th 3 rmolphthalein). Titration conducted as soon 
as possible after the sampling. 

Titration of solutions containing lactoglobulin: Reaction stopped with 5 ml alcohol at 20®. 15 ml 
alcohol at 20® added in the course of the titration. (0.0400 N alcoholic NaOH, indicator thymol- 
phthalein). Titration conducted immediately after the sampling. 

The variations in the procedures adopted served the purpose of reducing the slight turbidity 
of the alcoholic solutions to a minimum. 

2. Determination of amino groyps (Lindbrstr0m-Lano 29)). Titration of clupein chlo- 
ride solutions: Reaction stopped with 2 ml acetone at — 10®. 8 ml of acetone added in the course of 
the titration (0.025 N alcoholic HCl, indicator naphtyl red (compare (23)). Titration conducted as 
soon as possible after sampling. 

Titration of lactoglobulin solutions: Reaction stopped with 1 ml 0.054 N alcoholic HCl (an 
amount which is just a little smaller than the initial titration value) and 5 ml acetone containing 
naphtyl red. Titration with 0.040 N alcoholic HCl. All solutions were perfectly clear at the endpoint 
of the titration. 

8. Preparation of enzyme and substrate solutions. Since in the present inves- 
tigation we have only been concerned with the ratio between volume change and chemical change 
the enzyme concentrations were not so accurately determined. Enzyme solutions were made up 
simply Dy dissolving a suitable weight of enzyme filter cake (see (26)) in 0.1 m ammonia buffer (or 
in some of the clupein experiments in water). The values given in the headings of tables X — XXII are 
expressed as grams of filter cake per 100 ml reaction mixture. It is self-evident that the same enzyme 
solution was used for parallel determinations of volume change and chemical decomposition. 

Inactive enzyme solutions were prepared by heating the active ones in sealed glass tubes tt) 
100° for 15 min. (chymotrypsin) or 60 mm. (trypsin). 

Clupein sulphate solutions were made up by dissolving the dry preparation in water (concen- 
tra< ion given as grams per 100 ml) adjusting to the ph required and adding buffer of the same ph. 

A similar procedure was used for preparing clupein chloride solutions only a stock solution of 
known content was used as starting material. In some cases no buffer was added. 

Solutions of genuine lactoglobulin were prepared by dissolving the wet crystals in ammonia 
and adjusting to ph 8. An amount of HCl equivalent to that of ammonia was added together with 
enough ammonium chloride to keep the globulin in solution at ph 5. The solution thus obtained 
could be kept in the refrigerator for weelu without denaturation while solutions adjusted to ph 8 
were partly denatured in a few days. 

The substrate solutions were prepared from this stock solution by adding the amount of ammonia 
previously determined and so much water, ammonia and ammonium chloride that the solution 
became 0.01 N with respect to ammonia and 0.09 N with respect to ammonium chloride (correspon- 
ding to ph 8 at 30°) no regard being taken of the first added ammonia. The lactoglobulin concentration 
was calculated from the content of protein nitrogen by dividing by 15.2 (see (30, 31)). Concentrations 
are given as grams of lactoglobulin per 100 ml reaction mixture. 

Solutions of lactoglobulin denatured at ph 8 were made simply by heating the substrate solution 
mentioned above in sealed glass tubes for 9 min. at 80® db l^^* No precipitate was formed but the 
solution became slightly opaque. Upon addicion of a buffer-salt solution of ph 5 all protein was pre- 
cipitated which indicated that denaturation was „oomplete”. 

Denaturation at ph 8 was carried out by bringing the stock solution of lactoglobulin to ph 8 
with n/10 HCl and heating it in a sealed glass tube for 32 min. in boiling water. Tne completeness 
of the denaturation was tested as above. 


*) However, control experiments showed that kerosene was without influence upon the rate of 
the enzymatic reaction. 
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4. Details of sampling etc. The enzyme solutions used were so dilute that a certain 
danger of spontaneous destruction was present, not so much during the reaction itself (because of 
the well-known stabilizing effect of the substrate) as during the time necessary to bring the enzyme 
and substrate solutions to 30°. Care was therefore taken that all enzyme and substrate solutions were 
kept equally long at 80° before mixing. 

This fear of enzyme destruction (which may be exaggerated) led us on the other hand to avoid a 
still higher dilution of the enzyme which again gave rise to difficulties in time-taking because of the 
high reaction rate. We were therefore compelled to use a very strict time-schedule in the sampling 
as will appear from the following scheme. 


time in seconds 
0—80 
30—66 
65—66 
90—116 
116—125 


manipulation 

mixing of enzyme and substrate (the essential mixing is practically over 6 sec.) 
filling of the 2 ml pipette 

adding the 1 minute sample to the alcohol or alcoholic HCl 

filling of the 2 ml pipette (no rinsing of the pipette between the fillings) 

adding the 2 minute sample to the alcohol etc. etc*. 


In the case of clupein and genuine lactoglobulin the first part of the velocity curve obtained 
in this way is sufficiently close to being a straight line to allow an extrapolation to zero time; but 
the rate of decomposition of denatured lactoglobulin is so high and decreases so rapidly with time 
ihat special investigations of the conditions in the neighbourhood of zero time were nersessary. For 
this purpose 4 special titration flasks (see Bent 
Andersen 32)) were used having two separate 
chambers in the bottom. 1 ml of enzyme was 
pipetted down into one of the chambers and 
1 ml of substrate into the other. The flasks 
were placed in the water bath at 80° and to 
one of them 1 ml of 0.054 ml alcoholic HCl 
was added (see p. 116) before mixing (initial 
titration value). The contents of the other 
flasks were mixed and the reaction stopped 
after 1, 2 and 4 minutes. The initial velocity 
curve obtained was compared with the curve 
drawn on the basis of the results from the 
ordinary experiment (in which 2 ml samples 
were taken at intervals from a larger amount 
of reaction mixture). In general the titration 
values corresponding to 1, 2 and 4 minutes 
reaction agreed well with those obtained in 
the normal way, when due regard was taken 
to differences in pipette volume which caused 
a slight parallel displacement of the curves 
relative to one another. The zero point of the 
normal curve was found by adjusting the curves 
to each other at the 4 rnin, point. 

6. Eesult and discussion. Fig. 10*) 
shows the result of a single experiment 
(the final data are given in table XX). In 
figures 8 and 9 a comparison is made between 
the values obtained in experiments with 
lactoglobulin using both chemical methods 
described (table IX shows a similar experi- 
ment carried out with clupein). It appears 
from these figures that there is an excellent 
agreement at the initial stage of the en- 
zymatic break-down. Later on a slight dif- 
ference is found, the carboxyl determination giving somewhat higher values than the deter- 
mination of amino groups. We do not believe that the difference is significant. The titration in 



hig. 8. Comparisun of the foriiiatjoii of carhoxy 
and amino groups during the decornpe^sition of 
lactoglobulin by chymotryi>Hm. ph 8. Concentra- 
tion of lactoglobulin 0.9 per eont. ('oricentnin'on 
of chymotrypsin 0.01 per cent. 

A carboxyl curve (WillstAtter lit ration). 

# amino curve (Acetone titration) 


*) In some cases a very slight increase in the volume of the control dilatometer was observed 
(about 0.1 fil in 60 min.) which may have been due partly to slow temperature changes, partly to reac- 
tions between the two phases in the dilatometer. Since these effects are alike in the two dilatometer- . 
the error will cancel in the final results. 
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time, minutes. 

Pig. 9. Comparison of the formation of oarboxyl 
and amino groups during the decomposition of 
lactoglobulin by trypsin, ph 8. Concention of lac- 
toglobulin 0.9 per cent. Concentration of trypsin 
0.05 per cent. 

A carboxyl curve (WillstAttbr titration) 

# amino curve (Acetone titration) 


70 per cent acetone is probably not quite 
complete when the amino groups liberated 
belong to shorter peptides. In addition, an 
escape of ammonia from the digests may 
also be taken into consideration. In spite of 
this the acetone method was used in most 
of the experiments for the reason that the 
initial titration value is much smaller here 
than in case of the Willstattbb titration 
which means that the errors in pipetting 
become less significant. Furthermore, in the 
study of denatured lactoglobulin precipitates 
appear in the alcoholic solutions while the 
acid acetone solutions remain perfectly clear. 

Tables VIII— XXII and figures 11—17 
show the final results and need but little 
further explanation. JV and the number 
of peptide bonds split per protein molecule 
were calculated on the basis of the molecular 
weights 5000 for clupein sulphate or chloride 
and 88000 for lactoglobulin. The agreement 



—20 0 20 40 60 

•< — time, min. — ► 



. Fig. 10. Details of an experiment. 

Curve I. Control dilatometer 

Curve II. dilatometer containing the reaction mixture. 
Curve III. Titration values (acetone titration). 



Number of peptide bonde split per clupein molecule. 
Pig. 11. Splitting of clupein by trypsin ph 8 
(see table VlII). 


between the results of different experiments 
in which the protein concentration or the en- 
zyme preparation has been varied is quite good. 
(Considerable variations are only found in the 
experiments with denatured lactoglobulin, the 
reason probably being that the temperature at 
which denaturation took place was not suf- 
ficiently well defined. In spite of this the results 
may serve to illustrate the qualitative effect of 
denaturation upon the volume change accom- 
panying the enzymatic cleavage. 
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TABLE VIII. 

Splitting of clupein by trypsin. 

Concentration of clupein chloride 0.9 per cent. Concentration of trypsin 0.001 per cent. Concen 
tration of NH4+, NH, buffer 0.1 m. ph 8. In dilatometor 20 ml; for chemical analysis 2 ml. 

(WillstItteh titration). 


t ' 
min. 

AV 

A ml 
0.0346 N 
NaOH 

A millimols 
per 

20 ml 

AV ml 
per 

clupein 

molecule 

Number of pep- 
tide bonds split 
per clupein 
molecule 

0 

0 

WBSM 


0 

0 

1 

--0.23 



— . 6.4 

0.36 

2 

~4).43 


0.021 

— 32.0 

0.58 

4 

—0.73 

0.113 


— 20.3 

1.08 

8 

—1.33 



— 37.0 

2.22 

16 

—2.61 

0.424 

0.147 

— 69.8 

4.08 

32 

—3.61 



— 97.6 

6.40 

64 

—3.86 

0.730 

0.253 

—107.3 

7.04 


TABLE IX. 

Splitting of clupein by trypsin. 

Concentration of clupein chloride 1.8 per cent. Concentration of trypsin 0.007 per cent. No buffer, 
ph ca. 6. In dilatometer 20 ml; for chemical analysis 2 ml (WillstAtter and acetone titration). 


t 

min. 

AY 

A ml 
0.0346 N 
NaOH 

WillstAtter 

A ml 
0.025 N 
HCl 
Acetone 

A millimols 
per 20 ml 
Mean 

AV 

ml per 
clupein 
molecule 

Number of 
peptide bonds 
split per clu- 
pein molecule 

0 

0 




— 0 

0 

1 

—0.12 



0.011 

— 1.7 

0.15 

2 

—0.26 




— 3.6 

0.21 

4 

—0.56 



0.025 

— 7.6 

0.35 

8 

—0.80 



0.048 

—11.1 

0.67 

16 

—1.62 




—21.1 

1.33 

32 

—2.80 

0.537 

0.714 


—38.9 

2.54 

64 

—4.35 

0.874 

1.147 

0.295 

—60.6 

4.10 


TABLE X. 

Splitting of clupein by trypsin. 

Concentration of clupein cHloride 1.8 per cent.. Concentration of trypsin 0.0067 per cent. No buffer, 
ph oa. 6. In dilatometer 20 ml; for chemical analysis 2 ml (WillstAtter titration). 


t 

min. 

AV 

lA 

A ml 
0.0346 N 
NaOH 

A millimols 
per 

20 ml 

JV ml 
per 

clupein 

molecule 

Number ol pep- 
tide bonds spilt 
per clupein 
molccuh' 

0 

0 


0.000 


0 

1 

—0.10 





2 

—0.20 


0.010 



4 

—0.38 

0.060 

0.017 



8 

—0.70 

0.100 

0.035 


0.49 

16 

—1,17 

0.208 


—16.3 

1 . 1.00 

32 

—2.16 

' 0.421 

0.146 

—29.9 

1.97 

64 

—3.70 

0.727 

0.252 

—51.4 

3.50 

1 
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Number of peptide bonds split per 
clupefn molecule. 


Pig. 12. Splitting of olupein by tryp- 
sin ph 6. 

A (table IX) 

• (table X) 



Number of peptide bonds split per 
clupein molecule. 

Pig. 13. Splitting of olupein by chy* 
motrypsin ph 8 (table XI). 


TABLE XI. 

Splitting of olupein by chymotrypsin. 

Concentration of olupein sulphate 1.0 per cent. Concentration of chymotrypsin 0.2 per cent. Con- 
centration of NH4+, NHj buffer 0.1 m. ph 8. In dilatometer 20 ml; for chemical analysis 2 ml 

(WillstAttbr titration). 


t 

min. 

JV 

fll 

A ml 
0.0346 N 
NaOH 

A millimols 
per 

20 ml 

AW ml 
per 

clupein 

molecule 

Number of pep- 
tide bonds split 
per clupein 
molecule 

0 

0 


0.000 

0 

0 

1 

--0.07 

0.014 

0.006 

— 1.8 

0.13 

2 

—0.18 

0.034 

0.012 

— 4.5 

0.30 

4 

—0.31 

0.064 

1 0.019 

— 7.8 

0.48 

8 

—0.55 

0.134 

0.046 

—13.7 

1.16 

16 

—0.93 

0.186 

0.064 

—28.3 

1.60 

32 

—1.55 

0.322 

0.111 

—38.8 

2.78 

64 

—2.26 

0.471 

0.163 

—66.3 

4.08 

120 

—2.80 

0.656 

0.193 

—70.0 

4.83 


TABLE XII. 


Splitting of genuine lactoglobulin by trypsin. 

Concentration of lactoglobulin 1.44 per cent. Concentration of trypsin in 0.05 per cent. Concentration 
of NH4+, NHg buffer 0.1 m. ph 8. 20 ml in dilatometer; 2 ml for chemical analysis (Acetone titrati on) 


t 

min. 

JV 

III 

A ml 

0.04 N 

HCl 

A millimols 
per 

20 ml 

JV ml 
per 

protein 

molecule 

Number of pep- 
tide bonds split 
per protein 
molecule 

0 

0 

0 

0 

0 

0 

1 

—0.12 

0.007 

0.003 

— 16 

0.4 

2 

—0.30 

0.018 

0.007 

— 40 

1.0 

4 

—0.62 

0.034 


— 67 

1.9 

12 

—1.36 

0.093 


—180 

4.9 

18 

—1.88 

0.128 


—249 

6.8 

24 

—2.38 

0.160 


—808 

8.5 

32 

—2.70 

0.193 

1 

—357 

10.2 

48 

1 —3.80 

0.246 


—436 

13.0 

64 

—8.72 

0.273 

0.109 

—493 

14.4 
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Number of peptide bonds split per protein 
molecule. 

Fig. 14. Splitting of genuine lactoglobulin 
by trypsin ph 8. 

# 0.90 per cent lactoglobulin (table XIII) 

A 0.90 „ „ „ (table XV) 

X 0.72 „ „ „ (table XIV) 

■ 1.44 „ „ „ (table XII) 



Number of peptide bonds split per protein 
molecule. 

Fig. 16. Splitting of denatured lactoglobulin 
by trypsin ph 8. 

I curve for genuine lactoglobulin. 

# A Denaturation at ph 8 (tables XVI and 
XVII). 

■ Denaturation at ph 8 (table XVIIl). 


TABLE XIII. 


Splitting of genuine lactoglobulin by trypsin. 

Concentration of lactoglobulin 0.90 per cent. Concentration of trypsin 0.05 per cent. Concentration 
of NH4+, NH, buffer 0.1 m. ph 8. 20 ml in dilatometer; 2 ml for chemical analysis (Acetone titration). 


t 

min. 

JV 

^1 

J ml 

0.04 N 

HCl 

millimols 

per 

20 ml 

JV ml 
per 

protein 

molecule 

N umber ol pep- 
tide bonds split 
per protein 
molecule 

0 


0 

0 

0 

0 

1 


0.006 

0.002 

— 13 

0.4 

2 


0,012 


— 21 

1.1 

4 


0.019 

0.008 

— 59 

1.7 

8 



0.019 

—135 

4.0 

12 



0.028 

-202 

5.9 

18 

—1.85 


0.041 

—285 

8.7 

24 

—1.66 

0.123 

0.049 

-350 

10.8 

32 

—1.98 

0.148 

0.059 

—418 

12.4 

48 

—2.44 

0.181 

0.072 

—615 

16.2 


TABLE XIV 


Splitting of genuine lactoglobulin by trypsin. 

Concentration of lactoglobulin 0.72 per cent. Concentration of trypsin 0.05 per cent. Concentration 
of NH4+, NH, buffer 0.1 m. ph 8. 20 ml in dilatometer; 2 ml for chemical analysis (Acetone titration). 


t 

min. 

JV 

J ml 

0.04 N 

HCl 

A millimols 
per 

20 ml 

JV ml 
per 

protein 

molecule 

Number of pep- 
tide bonds split 
per protein 
molecule 

0 

0 

0 

1 0 

0 

0 

1 

—0.05 



— 13 

0.8 

2 

-4).21 


0.007 

— 66 

1.9 

4 

—0.35 



- 93 

8.2 
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TABLE XIV (Continued). 


t 

min. 

AV 

lA 

Ami 

0.04 N 

HCl 

A millimols 
per 

20 ml 

JV^ml 

per 

protein 

molecule 

Number of pep- 
tide bonds split 
per protein 
molecule 

8 

--0.76 


0.022 

—199 

5.8 

32 

—2.01 


0.061 

—682 

16.2 

48 

—2.39 



—638 

20.3 

64 

—2.65 



—702 

24.1 

80 

—2.76 



—731 

24.6 

96 

—2.91 

0.246 

0.098 

—771 

1 

26.0 


TABLE XV. 


Splitting of genuine lactoglobulin by trypsin. 

Concentration of lactoglobulin 0.90 per cent. Concentration of trypsin in 0.06 per cent. Concentration 
of NH4+, NHj buffer 0.1 m. ph 8. 20 ml in dilatometer; 2 ml for chemical analysis (Acetone titration). 


t 

min. 

AV 

ixl 

A ml 

0.04 N 

HCl 

A millimols 
per 

20 ml 

jVml 

per 

protein 

molecule 

Number of pep- 
tide bonds sphf 
per protein 
molecule 

0 

0 

0 

0 

0 

0 

1 

—0.18 

0.009 


— 38 

0.8 

2 

—0.22 


0.007 

— 46 

1.6 

4 

—0.42 



— 89 

2.7 * 

8 

—0.80 



—169 

5.1 

12 

—1.14 

0.078 

0.031 

—241 

6,5 

18 

—1.54 

0.105 


—325 

8.9 

24 

—1.82 

0.181 


—884 

11.0 

32 

—2.14 

0.157 

0.063 

—452 

13.3 

48 , 

—2.56 

0.202 

0.081 

^—540 

17.1 

64 

—2.78 

0.230 

0.092 

—587 

19.6 


TABLE XVI. 

Splitting of denatured lactoglobulin by trypsin. 

(Denaturation at ph 8). Concentration of lactoglobulin 0.96 per cent. Concentration of trypsin 0.05 
per^bent. Concentration of NH^***, NH, buffer 0.1 m. ph 8. 20 ml in dilatometer; 2 ml for chemical 

analysis (Acetone titration). / 


t 

min. 

AV 

A ml 

0.04 N ! 

HCl 

A millimols 
per 

20 ml 

J V ml 
per 

protein 

molecule 

Number of pep- 
tide bonds split 
per protein 
molecule 

0 

0 

f 

0 

0 

0 

0 

1 


0.024 


— 20 

2.0 

2 


0.049 


— 62 

4.0 

'4 


0.079 


—188 

6.4 

" 8 . 

—1.18 

0.130 


—234 

10.3 

12 

—1.71 . 

0,169 


—339 

18.6 

18 

—2.16 

0.208 


—429 

16.1 

24 

1 —2.42 

0.229 

0.092 

—480 

18.3 

32 

—2.69 

0.251 

0.100 

—634 

19.8 

48 

—2.89 

0.281 

0.112 

-«74 

22.2 

64 

—8.06 

0.313 

1 

0.126 

—607 . 

24.8 
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TABLE XVII. 

Splitting of denatured lactoglobulin by trypsin. 

(Denaturation at ph 8). Concentration of lactoglobulin 0.96 per cent. Concentration of trypsin 0.05 
per cent. Concentration of NH4+, NHj buffer 0.1 m. ph 8. 20 ml in dilatometer; 2 ml for chemical 

analysis. (Acetone titration). 


t 

min. 

JV 

fl\ 

A ml 

0.04 N 

HCl 

A millimols 
per 

20 nil 

A V ml 
per 

protein 

molecule 

urnbur 01 pep- 
tide bonds split 
per protein 
molecule 

0 

0 

0 

0 



2 

—0.32 

0.037 

0.015 



4 

—0.62 





8 

—1.10 

0.098 




12 

—1.53 

0.125 




18 

—1.97 

0.152 

0.061 

—391 

i 12.1 

24 

—2.26 

0.177 

0.071 

—449 


32 

—2.54 


0.080 

—504 


48 

—2.88 


0.095 

—572 


64 

—3.06 


0.103 

—607 



TABLE XVIII. 

Splitting of denatured lactoglobulin by tryj>sin. 

(Denatui’ation at ph 3). Concentration of lactoglobulin 0.905 per cent. Concentration of trypsin 
0.05 per cent. Concentration of NH4+, Nil, bulf ^r 0.1 m. ph 8. 20 ml in dilatometer; 2 ml for chemi()al 

analysis (Acetone titration). 


t. 

min. 

JV 

J ml 

0.04 N 
ilCl 

A millimols 
per 

20 ml 

A V mi 
per 

protein 

molecule 

NumtnJT ol pep- 
tide bonds split 
per protein 
molecaile 

0 

0 

0 

0 

0 

. 0 

1 


0.050 

0.020 

—109 

4.2 

2 


0.07S 

0.031 

--164 

6.5 

4 


0.115 

0.<»4fi 

—281 

9.7 

8 

—1:97 

0.158 

0.009 

—414 

13.2 

12 

—2.39 

0.194 

0.078 

- -502 

1 16.4 

18 

—2.68 

0.223 

0.089 

—563 

18.7 

24 

—2.85 

0.243 

0.097 

- -598 

20.4 

32 

—3.07 

0.270 

0.108 

—644 

22.7 

48 

— 3.2H 

0.29(> 

0.118 

—688 

24.8 

64 

—3.36 

0.311 

-0.120 

-705 

26.4 


TABLE XIX. 

4 

Splitting of genuine laotoglobuliii by chymotryj^sin (prep. 1). 

Concentration of lactoglobulin 0.905 per cent. Concentration of ehymoLrypsm O.OK*) pT cent. Con- 
centration of NH4+, NHj buffer 0.1 m. ph 8. 20 ml in dilatometer; 2 ml for (‘iiemical analyjjis (Acetone 

titration). 


t 

min. 

AV 

fil 

A ml 

0.04 N 

HCl 

A millimols 
per 

20 ml 

Jv ml 
per 

protein j 

moh'cule | 

Number ol pep- 
tide bonds split 
per protein 
molecule 

0 

1 

0 1 

0 

0 

0 

0 

1 

—0.11 

0.006 

0.002 

— 23 

1 0.4 

2 

— 0.15 

0.012 

o.ooS 

— 3! 

1 1.1 

4 

—0.41 

0.024 

0.010 

’ - 86 

2.1 

8 

—0.77 

0.044 

0.018 

—161 

3.8 

16 

—1.40 

0.078 

0.031 

' —294 

6.5 
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TABLE XIX (continued). 


t. 

min. 

JV 

fjl 

Jml 

0.04 N 

HCl 

A millimols 
per 

20 ml 

JV ml 
per 

protein 

molecule 

Number of pep- 
tide bonds split 
per protein 
molecule 

24 

-—1.88 

0.113 

0.046 

—384 

10.8 

82 

—2.26 

0.144 

0.068 

-^72 

12.2 

48 

—2.83 

0.193 


—694 

16.2 


—3.26 

0.231 

0.092 

—082 

19.3 

80 

—3.57 

0.255 

0.102 

—749 

21.4 



Number of peptide bonds split per protein 
molecule. 

Fig, Ifi. Splitting of genuine lactoglobuliii 
by ohymotrypsin ph 8. 

A Preparation I (table XIX). 

• „ II (table XX). 



Number of peptide bonds split per protein 
molecule. 

Fig. 17. Splitting of denatured lactoglobulin 
by ohymotrypsin ph 8. 

I curve for genuine lactoglobulin. 

A Denaturaiion at ph 8 (table XXI) 

• „ „ ph 8 (table XXII) 


TABLE XX. 

Splitting of genuine lactoglobulin by ohymotrypsin (prep. II). 
Concentration of lactoglobulin 0.905 per cent. Concentration of ohymotrypsin 0.012 per cent. Con- 
centration of NH4+, NH3 buffer 0.1 ni. ph 8. 20 ml in dilatometer; 2 ml for chemical analysiB. (Acetone 

titration). 



iiiiiiiiiiii^^niiiin 


A millimols 
per 

20 ml 

JV ml 
per 

protein 

molecule 

Number ol pep- 
tide bonds split 
per protein 
molecule 

0 

0 

0 

0 

0 

0 

1 

—0.0b 



— 13 

0.4 

2 

—0.23 

0.016 


— 48 

1.2 

4 

—0.48 




2.1 

8 

—0.94 



—197 

4.4 

16 

—1.62 

0.091 



7.6 

24 

—2.12 

0.136 


—445 

11.3 

32 

—2.67 

0.169 


—640 

14.3 

48 

—3.26 

0.218 


—686 

18.3 

64 

—8.68 

0.265 

0.106 

—773 

22.8 

96 

—4.28 

0.326 

0.130 

—899 

27.3 
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TABLE XXI. 

^Splitting of denatured lactoglobulin by chymotrypsin (prep, I). (Denaturatiou at ph 8), 
Concentration of lactoglobulin 0.090 per cent. Concentration of chymotrypsin 0.01 per cent. Concen- 
tration of NH4+, NH, buffer 0.1 m. ph = 8. 20 ml in dilatometer; 2 ml for chemical analysis (Acetone 

titration). 


t 

min. 



A millimols 
per 

20 ml 

AVml 

per 

protein 

molecule 

Number of pep- 
tide bonds split 
per protein 
molecule 

0 

0 

0 

0 

0 

0 

1 

-n.i4 


0.003 

- - 30 

0.7 

2 

-~0.32 


0.006 

- 68 

1.2 

4 

^.60 


0.012 

—127 

2.6 

8 

--0.92 



—194 

4.6 

12 

—1.18 


0.030 

-249 

6.2 

18 

—1.40 

0.094 

0.038 


7.9 

24 

—1.60 


' 0.041 


8.7 

32 

—1.82 


0.061 


10.7 

48 

-2.18 




12.7 

64 

—2.42 

0.174 

0.070 

-511 

14.7 


TABLE XXII. 

Splitting of denatured lactoglobulin by chymotrypsin (prep. I). (Denaturation at ph ;j). 
Concentration of lactoglobulin 0.905 per cent. Concentration of chymotrypsin 0.01 per cent. Con- 
centration of NH4+, NHj buffer 0.1 m. ph = 8. 20 ml in dilatometer; 2 ml for chemical analysis 

(Acetone titration). 


t 

min. 

JV 

/*! 

J ml 

0,04 N 

HCl 

A millimols 
per 

20 ml 

AVm\ 

per 

protein 

molecule 

Number of pf^p- 
tide bonds split 
per protein 
molecule 

0 

0 

0 

0 

0 

1 

0 

1 

—0.10 

0.013 

0.005 


1.1 

2 

—0.30 




1.9 

4 

—0.66 




2.9 

8 

—1.24 



—260 

5.0 

12 

—1.65 

0,087 

0.035 

—347 

7.4 

18 

—1.88 

0.105 

0.042 

—395 

8.8 

24 

—2.14 

0.127 

0,051 

—449 

10.7 

32 

—2.47 


0.064 

—519 

13.4 

48 

—2.94 


0.083 

—617 

17.4 

64 

—3.18 


0.095 

— 6bb 

20.0 


[¥• Summary. 

Certain theoretical problems connected with the enzymatic break-down of proteins 
have been discussed. It was found that the splitting of a peptide bond in a simple pep- 
tide chain cannot be accompanied by a contraction higher than 25 ml/mol. The volume 
change accompanying the break-down of lactoglobulin and clupein by trypsin and chy- 
motrypsin has been determined. Contractions as high as 50 ml/mol were found for lacto- 
globulin, while the values for clupein were normal, viz., 15 ml/mol. Hence the break- 
down of lactoglobulin cannot be explained exclusively as an opening up of peptide 
linkages in a simple peptide chain, while the splitting of clupein is in good agreement 
with this assumption. 
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Sur la nature des plast^ines 

PAR 

1. G. MENSOROW 

(Jjab. pour Enzymol. de la sect, de Chimie physiol, de V Inst. Gorky 
pour Mid. expir. VIEM, Moscou) 

(8.III.41) 

II existe k present deux opinions oppos^os sur la natures dos plast^ines. Solon Tune les plas- 
twines sont des produits do Taction syntMt sante dos onzymos pYoteolytiques. (Test le point de 
vue de Wasteneyb et Borsook 1), Bona ot Oelkbrs^), Cutiibkrtson ot Tompsett^), Bla- 
GOWESTSCHBNSKY ot Jerembjew^). golon Tautro les pldsteinos provionnont de la destruction 
ult^rieure des peptones. Folley S) adrnot quo los plastein'es sont forrn^os non par synthese mais 
par hydrolyse des peptones avec formation snccessivo d’anhydridos cycliques. Pour prouver son 
point de vue Folley a recours au poids mol6culaire dos plast6ines qui est assoz has (los deter- 
minations du poids moleculaire des plast^ines ont ete effoctiieos dans le laboratoire de Sved- 
berg). Un m6moire de Mensorow®) est 4galement dedie k T6tude des plagteines. L’auteur a 
analyst une plast6ino ot la proteine dont colle-ci 6tait pro venue et a trouv6 quo la composition 
des aminoacidos 4tait tr^s somblable et memo presque identique dans les deux substance . 

N. I. Gawrilow, Paradaschwili et Goworow 7) ont etudi4 la nature des plast^ines k 
Taide de la spoctrophotometrie de la reaction biuret: ils ont constate quo la formation 
des plast4ines est accompagn^e d uno diminution d’azote amin6 et en memo tornps d’uno dimi- 
nution d’intensite de la reaction biuret. 

La divergence d’opinions sur la nature dos plastdines prouvo quo cette question n’est pas 
encore clairo et quo le materiel experimental k ce sujot no permet pas do fairo des conclusions 
definitives. 

Le but de notre travail etait d’etudier le comportoment des plasteines envers les 
diff^rents enzymes proteolytiquoa, ce qui pourrait contribuer k notro avis k Telucidation 
du mecanisme de formation des plasteines. 

Partie Experimentale. 

Preparation de plastdlne. Pour preparer de la plast^ino nous nous somnies bas6s sur Tobser- 
vation d’ABDBRUALDEN et Buadze 8) que la pepsine agit plus 6norgiquement sur les albumines que 
sur les globulin 38; nous avons done employ 6 de i’albumine d’oeuf. L’enzymo 6tait de la pepsine pun- 
fi6e selon Willstatteu 9); son activity 6tait d6termin6e par la m6lhode de Fold et Levinson 10). 

Pour la digestion nous nous sommes servis d’uno solution de prot6ine k 2,5 % (30 g) avec 1,8 g 
de pepsine. Dur4e 6 jours k 37 — 38° C; ph : 1.55 — 1.89. 

es donn^es sur Thydrolyse de Talbumine d’oeuf sont repr^sent^es sur le tableau I, 
e ph 6tait d6termin6 potentiom6triquement k Taide d’une Electrode k chinhydrone. Pour les 
dosages de Tazote amin4 selon SOrensen-Gawrilow U) on prenait 10 cm* de la solution. 

TABLEAU I. 


ph 

1,55 

1,78 

1,89 


Azote amin6 en cm* de 
NaOH 0,2 n 

0,75 

2,00 


Temps 

0 

3 jours . . . . 


Apr^s la digestion la solution 6tait chaufi/'e pendant 30 min. au bain-marie, filtr^o et concentric 
dans le vide k 28 — 33*^ C jusqu'ti 1/20 de son olumo initial. Le ph du hydrolysat enzymatique itait 
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ajust4e k I’aide d’hydroxyde do eodium k 4,8 — 6,0. Les produits de Phydrolyse peptique obtenus de 
oetio mani4re n’6taient pas pr4cipit4s par l*acide trichlorac4tique & 10 %. 

Get hydrolysai parfaitement clair etait additionn6 de pepsine (0,5 gr), bien agit4 et plao4 dans 
un thermostat k 37° avec un pen de toluene. 

En m4me temps on posait im essai t4moin aveo la m4me solution concentr4e de produits de 
digestion peptique mais additionn4e de pepsine inactiv4e par chauffage, Apr4s 5 jours il se formait dans 
la fide k essai im sediment qu'on s^parait par filtration et traitait avec de I'alcool 4 80 %. La solution 
alcoolique 4tait s4par4e par decantation et centrifugation et le sediment traite successivement par 
Talcool k 50,75,90 et 96 % en ayant soins chaque fois de bien imbiber le residu d*alcool plus concentre. 
Puis on traitait le residu avec de Tether sec et le laissait secher dans un dessiccateur-Avide sur de 
Tacide sulfurique. 

Nous avons obtenu par ce procede 6,5 g de plasteine pour nos etudes. 

La solution dans Tessai temoin traite de la memo fa^on s*etait un peu troubiee, mais il ne s'etait 
pas forme de residu. 

Nous avons deji note que Taction des enzymes proteolytiques du type des proteinases 
(pepsine et cbymosine) sur les produits de digestion peptique des proteines est accompagnee 
d’une diminution des groupes carboxyle et amines bbres, ce qui a servi d'argument en faveur de 
la nature syntbetique des plasteines. Nos experiences sont en parfait accord avec les resultats 
des auteurs cites plus baut. 

Nous nous sommes servis dans nos essais du procede suivant: pour determiner la quantite 
des groupes carboxyles libres d’apres Willstattbb et Waldschmidt-Lbitz (par titrage aveo de 
Thydroxyde de sodium VlO n alcoolique] ainsi que les groupes amines libres selon Sorbnsbn on 
preparait un melange de peptones 4 88 % avec la solution de pepsine 4 10 % en certaines pro- 
portions et on effectuait les dosages dans des intervalles de temps definis. 

Les resultats de ces dosages sont rassembies dans les tableaux II, III et IV. 

Le tableau II represente la diminution des groupes carboxyles, le tableau III celle des 
groupes amines dans le melange enzyme-substrat. 

TABLEAU II. 


Conditions d* essai. 2 cm* d’hydrolysat peptique d’albumine d’oeuf, 0,2 cm* de solution de pep- 
sine, 37® C, ph 4,8. Dosage selon WillstAtter et Waldschmidt-Lbitz. 


Duree, heures 

0 

y* 

2 

5 

96 

cm* de NaOH 1/10 n 

Diminution de Tacidite 

15,4 

16,2 

14,8 


14,1 


0.2 

0,6 


1,8 


TABLEAU III. 


Condition d’essai. 2 cm* d’hydrolysat peptique d’albumine d’oeuf, 0,2 cm* de solution de pep- 
sine, 37® C, pb 4,8. Dosage selon Sorensen-Gavrilov. 


Duree, heures 

0 

y* 

2 

5 

96 

«m* de NaOH 1/10 n 

Diminution d’azote amine en cm* NaOH 0,1 n 

14,1 

13,9 

0,2 

18,7 

0,4 

13,4 

0,7 

18,3 

0,8 


TABLEAU IV. 

Changement de quantite des groupes carboxyle et amines pendant la formation des plasteines. 


Ihiree, heures 

1 Diminution des groupes carboxyle I 

— NH, 

et amines en cm* 

0,1 n NaOH 

—COOH 

% 

— NH, 

0.2 

— COOH 

0.2 

t.o 

2 

0.4 


0,66 

5 

0,7 

1.1 

1.3 

0,64 

96 

0,8 

0,62 
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Ces r^sultats montrent que la formation des plast^ines k partir des produits d’hydrolyse 
peptique de Talbumine d*oeuf est accompagn4e d’une diminution dea groupes carboxyle ot 
amines libres. 

Preparation de rdrepsine. Celle-ci a prepar6e selon Waldsohmidt-Leitz 12) de la 
muqueuse des intestine grdles du pore. 100 g de muqueuse ont 6t6 tritur^s dans un mortier avec 500 cm* 
de glyc6rol k SI %, Apr^s un jour de digestion k temp6ratm*e ordinaire on diluait 50 cm* de cette 
suspension avec 160 cm* d'eau distill4e et centrifugait le melange. Pour purifier Pextrait on addition- 
nait 10 cm* du liquide clair d’un cm* d'acide ac^tique 0,1 net s6paraitle sediment form6enmajeure 
partie de pro twines par filtration et centrifugation. Le pr6parat enzymatique obtenu nous servait 
pour nos essais. 

Determination de Pactivitd de I'drepsine. L’activit6 6t6 dos6e d’aprds Waldschmidt-Leitz 
par digestion d’un peptide, la glycy 1-glycine. L’hydrolyse 6tait suivie par Paugmentalion de 
racidit^ en solution alcoolique. 

Conditions d’essai: 20 cm* d’une solution 0,1 m de glycyl-glycine (ph-7,8), 8 cm* do solution 
enzymatique, 2 cm* d’eau et 5 cm* de toluene; temperature 37®, ph 7,8. 

On prenait de temps en temps des 6preuves do 10 cm* et ti trait d’apr^s Wili.btatter et Wald- 
schmidt-Leitz avec NaOH 7i n <lans de Talcool a 90 % et 0,5 cm* de thymol phtal6ine 0,5 %. 

Le tableau V donne Taugmentation d'acidite en cm® de NaOH 0,1 n, correspondant k 
Taction de T6repsine. 

TABLEAU V. 


Temps d’action 

Quantite de cm® d’hydroxyde 

en min. 

de sodium 0,1 n alcoolique 

0 

8,0 

180 

10,8 


Action de I’drepsine snr la plast£ine. 

Condition d’essai: 70 cm* de solution de plast^ine k 2 % (ph 7,8), 10 cm* de solution eii- 
zymatique, 25 cm* de tampon phosphate (ph 7,8) et 10 cm® de toluene. Temperature d’essai 33®, ph 7,8. 

On prend k des intervalles fixSs 10 cm* de la solution d’essai pour la titrer selon Willbtatteh et 
Waldschmidt-Leitz. Dans un essai t6moin effectu6 dans les mfimes conditions mais avec de T6rep- 
sine inactiv^e par le chaud il n’y avait pas de changement d’aciditd. 

Les r^sultats sont donnas dans le tableau VI: 


TABLEAU VI. 


Temps, heures 

0 

30 

48 

72 

cm* Vi n NaOH 

1,60 



mm 

1,65 



Accroissement de Tacidite 



0,1 


Ces chiffres montrent nettement que les plast^ines ne sont pas hydrolys^es par T^ropsine. 

L’^repsine est selon Waldschmidt-Leitz, Balls et Waldschmidt-Grasbr 13) un melange 
d’aminopolypeptidase et de dipeptidase. Son substrat sp^cifique e’est les peptides simples 
(Waldschmidt-Leitz 1^). L’hydrolyse de peptone et des protamines par T^repsine s’explique 
selon Waldschmidt-Leitz par la presence de trypsine dans les pr^parats d’erepsine employes 
pour les experiences. 

Nos resultats ne permettent pas de faire la conclusion que Taction de la pepsine sur les 
produits d’hydrolyse peptique d’albumine d’oeuf est accompagn6e d’une nouvelle hydrolyse 
avec formation de peptides de constitution plus ou moins simple. Si une telle hydrolyse aurait eu 
lieu Taminopolypeptidase de Terepsine aurait pu exercer son action hydrolysante en presence 
des aminogroupes libres des peptides. 

Enzymologla. Vol. X, 2. 
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11 ^tait aussi int^ressant d’^tudier Taction de la pepsins sur la plast^ine. Wastbneyb et 
Bobbook 1), ainsi quo Blaoowbbtschensky et Jbrbmbjbw^) ont r6ussi constater dans leurs 
Etudes publi4es en 1934 une scission des plast^ines par la pepsine. II est regrettable, que ces 
auteurs ont effectu^ leurs essais avec des enzymes non purifies. II faut noter ici que cette circon* 
stance n’a pas M prise en consideration par ces auteurs de memo que par tous ceux qui se sont 
occupes des plasteines. 

II est connu que les pr^parats de commerce de pepsins contiennent de la cathepsine de la 
muqueuse do Testomao. La polypeptidase qui fait part de la cathepsine peut manifester son action 
quand la reaction du milieu est optimale pour elle. 

Neanmoins, nous n’avons aucun droit d’objecter contre les essais sur Taction de pepsine 
sur les plasteines effectues & Taide d'enzyrnes impurs, car k ce que nous savons, il n*y pas de 
propos pour supposer que les pr6parats de pepsine contiennent d’autres proteinases qui puissent 
hydrolyser les proteines k reaction fortement acide. 

Nous avons effectue nos essais avec de la pepsine purifiee. 

Action de la pepsine sur la plasteine. 

Le preparat de pepsine dont nous disposions a ete purifie selon Willbtattbb ®). L’activite 
etait v6rifiee selon la methode de Fuld et Levinson 

Conditions de reaction: 70 cm® d*une solution de 2 % de plast^ine (ph 2,0), 0,3 g 
de pepsine, 10 cm® de toluene; temperature d’essai 33°, ph2,0. 

L’essai temoin avec de la pepsine inactivde par le chaud etait conduit dans les memes con- 
ditions; il n*y avait pas d'augmentation d’acidite. 

Nous avons control^ la digestion enzymatique par dosage dosgroupes carboxyle selon Will- 
STATTER et Waldbchmidt-Lbitz. On prenait 5 cm® de la solution enzyme-substrat pour chaque 
dosage. Les r^sultats sont montr6s dans le tableau YII. 


TABLEAU VII. 


Temps, heures 

0 

29 

42 

96 

cm® de NaOH n 

3,4 

3,6 

4,05 

4,25 

3,4 

3,55 

4,05 

4,25 

Accroissement de TaciditA 


0,2 

0,65 

0,85 


On volt de ce tableau que Taction de la pepsine sur la plast^ine dans nos essais confirme les 
r^sultats des auteurs indiqu^s plus haut. 

Action de earboxypolypeptidase sur la plast^ine. 

Preparation de earboxypolypeptidase. L’enzyme a ete prepare k partir de pancreatine 
selon Waldschmidt-Lbitz 15). 

Determination d’activite de la earboxypolypeptidase. 

Conditions d’essai: 30 cm® de solution de peptone A 2 %, 10 cm® do solution enzymatique, 
16 cm® de tampon phosphate (ph 7,7), 10 cm® de toli^ne, temperature d’essai 33® C, ph 7,6 — 7,7. 

On suivait le cours de Thydrolyse en prenant de temps en temps des epreuves de 10 cm® et en 
dosant leur teneur en carboxyles libres selon WillstAtter et Waldschmidt-Leitz. En mAme temps 
on posait un essai temoin avec de la earboxypolypeptidase inactivee. La quantitA de cm® d’alcali 
employee par Tessai temoin etait soustraite de ceile employee par I’essai avec i’enayme aotif. AprAs 
6 h. d’action enzymatique Taugmentation d’acidilA a atteint 1,66 cm®, ce qui prouve que Tenzyme 
etait assez actif. 

Action de la earboxypolypeptidase sur la plasteine. 

Conditions d’essai: 20 cm® de solution de plastAine A 2 % (ph 7,7), 25 cm® de tampon- 
phosphate (ph 7,7); 10 cm® de solution enzymatique et 10 cm* de toluAne; temperature d’essai 
83® C, ph 7, 6—7, 7. 

On prenait pour les dosages des groupes carboxyles libres 5 cm® de la solution enzyme-substrat. 

Les result, ts sont doxmes dans le tableau VIII. 
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TABLEAU VIII. 


Temps, heures 


5 

1 -^4 

30 

cm® NaOH n 

0,8 

0,75 

0,8 

0,8 

0,8 

0,8 

0,8 



Ces r^sultats montrent clairement que la plast4ine n’est ])as liydr()lys6e par la carboxypoly- 
peptidase. 

Apr^s avoir constate que la plast^ine n’est pas liydrolyse(‘ par les enzymes proteolytiques 
du type des peptidases (peptidases de T^repsine et carboxypolypeptidase), rnais se laisso dodou- 
bler par les catalysateurs biologiquos du type proteinase (popsine), il nous etait d’lmportanco de 
savoir quelle serait Taction de la trypsine sur la plasteino. En co but nous avons fait agir le total 
des enzymes de la trypsine sur la plasteino. 

Action de trypsine sur la plasteine. 

Conditions d’essai. 20 cm® d’une solution de plasteine k 2 % (ph 9,0), 25 cm® de tampon 
phosphate (ph 8,8), 0,15 g d 3 trypsin'), 10 cm® d j tolu^n Temperature d’essai 33° C, ph 8,7 — 9,0. 

La vitesse da Thydrolyse etait control6e par dosage des groupes carboxyle libres; on prenait 
5 cm® de la solution pour chaque dosage. 

Les resultats sont donnes dans le tableau IX: 


TABLEAU IX. 


T«‘mps, lieures 

0 

5 

1 

1 72 

cm® NaOH Vs ^ 

0,80 

1,3 

1 

1 1 ,45 

1 

1,8 

0,80 

1,25 

1 1,45 

1,75 

Accroissement de Tacidiie 

i 

0,5 

0.G5 

1.0 


Ces essais montrent que la plasteine est hydrolyseo par la trypsine. 

Conclusions. 

En resumant les resultats do tout ce que nous venons d ’exposer on pout conclure 
que les plasteines sont des produits synthetiques qui se forment k partir des produits 
primaires de scission des proteines. 

Quelles sont les preuves en faveur de cette conception? La preuve essentiello k notre 
avis c’est que la plasteine preparee du blanc d’oeuf est hydrolys6e par les proteinases 
(pepsine), tandis que les produits peptiques k partir desquolles on la prepare ne sont pas 
attaques par ces enzymes. Le manque d’action du c6te des peptidases de Terepsine et 
surtout de la carboxypolypeptidase tryptique sont aussi des faits parlant en faveur 
d’une syn these de plasteines k partir des produits de dedoublernent poptique. II nous 
semble que la justesse de notre conclusion est supportee par la ressernblanco et meme par 
Tidentite de la composition aminoacide de la plasteine et de la p -oteino initiale. 

Enfin, la nature synthetique des plasteines est renduo ')ro h par Tetude du pro- 
cessus de formation de la plasteine et surtout par la dii jnution ‘ la toneur on groupes 
carboxyle et amin6s libres apres Taction de pepsine sur une solution concentree de pro- 
duits de digestion peptique de prot6ine. 


9* 
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L'^tude de la composition aminoacide de la plastdinoi nos observations sur Taction 
de diff^rents enzymes sur la plast^ine et les donn6es sur le processus de sa formation 
parlent pour une nature synth^tique des plast^ines. 

D mVst un devoir a^6able d'exprimer ici ma profonde reconnaissance au Prof. A. W. Blago- 
WB8T80HEN8KY pouT la direction de oes 6tudes. 

1) H.Wasteneys.H. Borsook. Jl. of Biol. Chem. 72 , 16, 668, 675, 633, 676 (1926); Physiol. Re- 
views 10 , 110 (1930). — 2) P. Rona, H. Oelkers, Blocb. Zs. 208 , 298 (1928). — 8) D. Cuthbertson, 8. 
Tompsett, Biochem. Jl. 25 , 2004, (1931). — 4) A. Blagowestschenski, G. Jeremejew, Bioch. Zs. 270 , 
66 (1934). — 6) S. Polley, Biochem. Jl. 26 , 99 (1932j. — 6) I. Mensorow, Bull. biol. et m6d. exp6r. (russe) 
VI, 8 , 301 (1938). — 7) N. Gawrilow, A. Paradaschwili, A. Goworow, Enzymol. 6 , 94 (1989). — 8) E. 
Abderhalden, 8. Buadze, Fermentforsch. 18 , 43, 606 (1933). — 9) P. Rona, Praktikum der physiol. 
Chemie, III, 250 (1928). — 10) E. Fuld, L. A. Levison, Bioch. Zs. 6, 478 (1907). — 11) N. I. Gavrilov, 
Etudes pratiques en chimie biologique, Manuel pour chimie biologique (1927). — 12) E. Waldschmidt- 
Leitz, Zs. physiol. Chem. 151 , 81 (1926). — 13) E. Waldschmidt-Leitz, A. Balls, Joh. Waldschmidt- 
Graser, Ber. Chem. Ges. 62 , 966 (1926). — 14) E. Waldschmidt-Leitz, Z. physiol. Chem. 149 , 203 
(1925). — 16) E. Waldschmidt-Leitz, Zs. angew. Chem. 44 , 673 (1931). 
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Some observations on the oxygen consumption of 

tissue pulp 

BY 

G. A. OVEEBEEK and C. C. POLDEE 

(Dep, of Pharmacol, of the Univ. of Leiden, Holland) 

With 8 figures. 

(10.111,41.) 


In the course of investigations on the influence of adrenaline on the oxygen coji- 
BUinption of muscle pulp a peculiar conduct of the respiration was observed. 

It is a well-knoAvn fact that in vitro tissue respiration tends to decline progressively 
and SzENT Gyoroyi showed that this phenomenon is caused by the diffusion of 
fumaric acid from the tissue into the suspension medium. Sometimes, however, (c.q. the 
methylencblue respiration of mammalian erythrocytes) the oxygen consumption may 
remain constant for several hours (Ovbrbbek *)) *). We now made the surprising ob- 
servation that the oxygen consumption of muscle pulp may follow still other lines. 
After diminishing during the first hour in the ordhiary way, the oxygen consumption 
gradually increased, until after 2-4 hours quantities 
of oxygon were consumed surpassing by far the 
amounts taken up during the same time in the first 
part of the experiment (fig. 1). 

The importance of this conduct for the evalua- 
tion of various kinds of experiments can best bt‘ 
demonstrated by our investigations on the in- 
fluence of adrenaline on tissue respiration. 

The aim of these experiments was to clear tin* 
existing controversy in view of the question whe- 
ther adrenaline either augments or decreases the 



peripheral oxygen consumption (Soskin c.s. ^), Cori time 

and Cori®)). Hg. l. Oxygen consumption of muscle 

Adult rats starved for about 16 hours wore subcuta" (»^ exporimonts). 

neously injected with 0.2 mg of adrenaline. 1 % hours late^ 

the animals were decapitated, muscles from both hind legs were rapidly cut off with scissors jind 
ground through a Latapie mill. The pulp was mixed with the salt solution of Krebs and Hensb- 
LEiT 6) ; 2 ccm of the suspension were pipetted into a respiration vessel and the oxygen consumption 
measured according to Warburg in the usual way. 

The suspension was then transferred to a centrifuge tube and heated to boiling point in a water- 
bath for some minutes in order to coagulate the proteinic matter. After centrifuging, the residue was 
dried until constancy of weight was obtained. 

The suspensions were found to contain 30 — 60 mg/ccm of dry matt.er. These values being re- 
markably constant (at least per experiment) it seemed superfluous to correct our resulis with respect 
to concentration. 


The same procedure was followed with muscle tissue from a non- injected rat; the total respi- 
ration in 2 hours of the two pulp samples was compared. 


Table I shows that in both cases different results were obtained. The total sum of the 
oxygen consumed in 2 hours by the muscle of the treated rat may be less than, equal to, or 


•) When measured with Noyons’s diaferometer tissue respiration is always found to remain 
constant for hours (Jongbloed 3)). 
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TABLE I. 


Number 

of 

experiment 

control 

1 

adrenaline 

hours 

after 

injection 

mm^ 

' 0, 

mm® Oj/mg 
dry mi s le 

mm 

*0. 

mm® 02/mg 
dry muscle 

I. 

100 1 

1 

1.09 


219 ] 


1.57 ] 

1 



ino 

! 163 

1.20 

1.16 

220 

|212 

1.51 

ll.48 



J69 1 

1 

1.20 


197 1 


1.35 1 

1 

IL 

196 ] 

1 

3.84 ) 


141 1 


2.28 ] 




206 

► 204 

3.81 

3.84 

144 

|l47 

1.00 

1.90 

y* 


210 1 

1 

3.H8 1 


156 ! 


1.81 I 


III. 

219 ] 

\ 

3.37 


12C J 

1 

1.55 ] 




173 

►210 

4.70 

3.76 

133 

130 

2.10 

1.82 

3/4 


238 1 

1 

8.21 

1 

132 1 

1 

1.70 ! 


IV. 

78 ; 


1.00 ] 


112 : 


1.41 ] 




100 

93 

1.32 

|l.2l 

122 

125 

1.50 

1.51 

3/4 


101 ' 


1.30 ’ 


140 


1.63 1 


V. 

205 ^ 


3.06 ; 


92 , 


1.56 ; 




163 

|2ir) 

3.46 

j3.50 

106 

jor) 

1.80 

1.54 

ly* 


278 ' 


3.39 ! 


80 ; 


1.26 1 


VI. 

122' 


1.80 1 

I 

159 1 


2.00 J 




146 

|l35 

2.15 

4.9.3 

145 

|ir)0 

1.81 

1.94 

ly* 


137* 


1.S3 1 

1 

M7 ! 


2.00 1 


Vll. 

165 ] 

1 

2.42 J 

1 

313 ] 

1 

4.61 1 




141 

111? 

1.76 

2.01 

321 

317 

4.06 

1.30 

2 


136 1 

1 

1.86 ) 

1 

j 317 1 

I 

1 

4.22 j 




TABLE 11. 


Number 

of 

experiment 

control 

adrenaline 

mm® Og 

irun® Oj/mg 
dry muscle 

mm® 

0. 

mm® Og/rng 
dry muscle 

I. 

137 ) 

1 .96 J 

! 

1 

157 1 


1.78 ; 



113 133 

J.59 

1.86 

196 

168 

2.44 

|l.96 


150 ) 

2.03 1 

1 

150 1 


1.67 ; 


11. 

93 ) 

1.37 ) 

1 






147 }U3 

1.75 

[1.60 

476 

476 

6.10 

6.10 


100 ) 

1.67 1 

1 





III. 

144 ) 

1.80 

1 

373 ] 

1 

6.22 : 



149 152 

1.99 

2.00 

385 

1380 

5.50 

|5.58 


162 ) 

2.22 

1 

381 ] 

1 

5.01 : 


IV. 

78 ) 

1.00 ] 

1 

96 

1 

1.41 1 

1 


too 93 

1,32 

,1.21 

106 

409 

1.60 

4.61 


101 ) 

1.30 1 

1 

124 

1 

I.G3 ! 

1 


more than the amount consumed by the control muscle. About the same was shown to be the 
case, when the adrenaline was given by means of perfusion of the hindlimbs of a rat through 
the cannulated aorta abdominalis with an adrenaline-containing Krkb,^ solution (table II). 
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The study of the respiration during the experimental period yielded the explanation. 

If the aforementioned increase of the oxygen consumption occurs after the experimental 
period, both muscles consume approximately the same amount of oxygen. If, by chance, the 
respiration curve assumes its upward course during the experimental period in one of the 
samples of muscle tissue, this muscle will consume much more oxygen than the other one. We 
received the impression that as a rule this reversal of the respiration curve appears 
sooner after adrenaline treatment (for a possible explanation see below under III). As, however, 
considerable spontaneous variations are possible in non-treated muscles, the control muscle 
may sometimes show the reaction sooner than the experimental one, which results in a larger 
final oxygen consumption. 

In numerous experiments with muscle pulp, with or without previous treatment with 
adrenaline, the effect could be reproduced. In fact, it never failed to appear under the conditions 
of our experiments. 

Bather than continuing our investigations on the mechanism of the action of adrenaline 
we therefore started the study of this strange conduct of muscle pulp. A series of questions 
immediately presented themselves*. 

1. Is the effect confined to muscle cells or is it more general? 

2. Is the augmentation of the oxygen consumption due to bacterial influences? 

8. Can one consider the effect as to be solely based upon respiration, i.o.t. is carbondioxide 
produced in amounts corresponding with the combustion either of carbohydrates, fats or pro- 
teins and what is the nature of the sub- 


strate that is consumed ? 

4. Is the effect caused by an 
alteration of the muscle cells, or ra- 
ther by change in the suspension 
medium? 

5. Which kind of respiration 
prevails during the period of the 
augmentation effect? (Hemin, flavin 
or another respiratory system). 

We hope to bo able to answer 
at least some of these questions in 
the following. 



time 

Fig. 2a. Oxygen consumption by pulp of organs capable 
of glycogen storage (intestine; 2 experiments, liver: 2 exp., 
stomach: 1 exp., heart: 2 exp.). Flexing point present. 


I. Pulp of different organs. 

The pulp was prepared from a number of organs in the way as described above for muscle 
tissue. The concentration varied from 20 — 40 mg/ccm of suspension. 

Fig=«. 2a and 2b show the results obtained with liver, heart, stomach, intestine, testicle, 
spleen, kidney and brain. Pulp from the former four organs shows a pronounced increase of 

oxygen consumption in the 



time 


Fig, 2b. Oxygen consumption by pulp of organs not capable of 
glycogen storage (kidney; 3 exp., brain: 2 exp., testicle: 2 exp., 
spleen: 2 exp.). Flexing point absent. 


course of the experiments; 
the result with testicle pulp 
is uncertain, whereas it is 
negative in the case of the 
latter three organs. It is re- 
markable that positive re- 
sults were obtained with or- 
gans which are capable of 
storing glycogen (liver, striat- 
ed and smooth muscle) where- 
as the organs which as a rule 
are free of any appreciable 
amount of glycogen do not 
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show the effect. As will be shown in § IV, 
relations exist between glycogen accumulation 
and the oxygen augmentation effect. 



II. Inflaeneeotmiero-organisms. Since 
some of the experiments take rather a long 
time several hours), the question may be raised 
whether bacterial deterioration is accountable 
for the observed effect. This question is all the 
more self-evident, because the existing condi* 
tions (37®, tissue pulp) certainly favour the 
development of yeasts and bacteria. 

It may be remarked, however, that in 
most cases at any rate the flexing point of 
the respiration curve appears before the 
period of two hours, common to many other respiration experiments, has elapsed, even 
though the main part of the effect may occur at a more suspect time (after 8 — 4 hours). 

Nevertheless some experiments were performed in which 2 drops of tricresol were added 
to 75 com of tissue suspension. Fig. 8 shows that this addition 
did not prevent the effect, which proves that the effect is not 
caused by bacterial infection. 


time 

Fig. 3. Influence of tricresol (muscle: 2 exp., 
liver: 2 exp.). Flexing point present. 



III. ProdaetioD of carbondioxide. The substrate. The 
respiratory quotient during the period of augmented oxygen- 
consumption was determinated according to Warburg, with a 
slight modification by using nitrogen instead of argon during the 
determinations of the bound carbondioxide, as previously de- 
scribed by OvbrbebkS). 

The experiment was not started until the increase of the 
velocity of oxydation was fully established (first determination 
of bound carbondioxide). 

The results of 5 experiments gave a KQ of 1.08, 1.17, 1.87, 
0.96 and 1.07. The quotient appears to be about 1, indicating 
that either carbohydrate or lactic acid is combusted and that a 
true respiration exists. 

Investigations on the nature of the combusted substrate 
were started but did not as yet lead to a definite result. The 
oxidation of glucose is improbable, as no glucose was added 
and the glycogenolysis of muscle glycogen yields lactic acid and 
no glucose! In fact, only very small amounts (which are moreover 
almost constant later on !) of reducing substances could be shown to 
bo present at the beginning of the experiment (Haoedorn- Jensen’s 
method after deproteinization of the suspension as a whole). 

Determinations of lactic acid (Miller imd Muntz 7)) were 
made at different times of the experiment. There is a tendency 
to a decrease during the reaction period but no drop occurs 
simultaneously with the increase of oxygen consumption, as 
could be expected if lactic acid served as a substrate (fig. 4). 

As a matter of fact the possibihty exists that the augmented 
oxygen consumption is accompanied by an increased production 
of lactic acid which is immediately combusted. This would conflict with the Pastbur-Mbyerhov 
reaction which implies that glycolytic phenomena are inhibited by augmented oxidations. 
Furthermore this possibility could be experimentally excluded: the addition of sodium 


minutes 

Relation between 
consumption and 
concentration of lactic acid 
(3 exp.). No relation. 


Fig. 4. 
oxygen 
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fluoride which is known to prevent the formation of new lactic acid, did not inhibit the oxygen 
consumption (fig. 5;. 

A non-reducing decomposition product of glycogen with a carbohydrate structure must 
therefore be considered as the most probable substrate. The only known substance fullfilling 
these requisites is the glucose-l-phosphorio ester of Cori c.s. ^). This substance might accu- 
mulate during the initial part of the pro- 


cess and be combusted during the latter. 

Such an accumulation might for 
instance be expected after the injection 
of adrenaline, which is known to 
increase the hexosephosphate content 
of the muscle (Cori and Cori ^)). In 
fact we received the impression (see 
above) that previous treatment of the rat 
with adrenaline favours the appearance 



of the effect. 


time 


Determinations of CoRi-ester must iPig. 5, influence of NaP. (4 exp. = no fluoride; 

render the solution. These experiments == 3 mg NaF added at ^ to 2 ccm suspension). 

are in preparation and will be reported influence, 

in due time. 


IV. Alteration of cells or medium ? Several possibilities may be suggested on account of the 
alterations occurring in the described system. They are either limited to the cells, or an inhibitory 
substance disappears by diffusion, or, finally, a stimulating substance is formed in the medium. 

It Piny be remarked that the Latapib mill separates most of the cells of the organ that is ground 
\M{hoiif destroying them, which is readily revealed upon microscopical examination of the suspen- 

sion. In addition to scarce conglomerations of 

QQQ ZZL ZZ] 10 — 20 cells, the preparation contains large 

7 masses of single, duple or triple cells. 

ggQ 

j In order to elucidate this point, we 

700 separated cells and medium in the initial 

^QQ — 1 — I as well as in the final phase of the experi- 

cS / y ment by pipetting off the fluid as coni- 

I - y I / pletely as possible. The cells were washed 

E 400 - f ^ H j with Krebs solution after which a quantity 

300 ^ of fresh solution was added, equal to that 

/ / J5[ of the removed medium. 

^ On the other hand the fluid derived 

100 ^ ^ ^ ^ “ —p ^ ^ — — from the ac lively respiring cells was added 

0 .J I /I 1 . n ,. . l I. J to muscle cells in the initial phase. 

time 6 shows that no appreciable effect 

Pig. 6. Influence of the addition of fresh Krebs of th ) medium on either of the samples of 

solution at ^ resp. + (exp. I and II). Influence of muscle cells could be shown. This result 

the addition of removed medium at i resp. 4, to jt highly probable that the main 

fresh muscle pulp. (exp. Ill and IV). No influence. . r /• • xu ha 

^ ^ ^ ' part of the reaction occurs in the cell and 

that changes of the medium are negligible. (This does not conflict with our conclusions in the 
preceding paragraph because the hexosephosphates are chiefly found in the cells). 

We therefore directed our research to chemical alterations in the cells, which could indeed 
be demonstrated. Save to the above-mentioned CoRi-ester, our interest went out to the changes 


Fig. 6. Influence of the addition of fresh Krebs 
solution at ^ resp. 4' (©xp* I and II). Influence of 
the addition of removed medium at resp, to 
fresh muscle pulp. (exp. Ill and IV). No influence. 


in the glycogen content. The experiments being performed at 37", a strongglycogenolysis 
could be expected, and it seemed possible that at the starting-point of the increase in the oxygon 
consumption the scarcity of glycogen would result in the appearance of an entirely different 
metabolic process, beside the ordinary respiration. 

However, the disappearance of glycogen during the experimental period proved to be a 
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much slower process than we expected to find. There even was a small but unmistakable 
augmentation of the glycogen content following the initial decline (fig. 7). 

Glycogen was determined by the method of PplUger. The amount of material from the re- 
spiration vessels being too small, 4 ccm of the suspension was shaken in 100 ccm Erlbnmbybr- bottles 

at 37® and at the same speed as the respiration vessels; a respira- 
tion experiment with the same muscle suspension running simul- 
taneously. With this procedure it was possible to take the Erlbn- 
juBYER-bottles out at the desired time. Solid potassium hydroxide 
was added up to a concentration of 30% and hydrolysis was 
cnrriod out in the usual way. 

r However, the amount of material available was still too 
small to permit duplicate determinations of the individual 
samples and the obtained accuracy was rather poor, as is 
shown by the following series of eight simultaneous deter- 
minations in 4 cc of a same muscle suspension (0.186, 0.162, 
0.160, 0.140, 0.180, 0.125, 0.185, 0.102). This large variation 
may cause considerable doubt as to the reliability of our 
conclusion that the glycogen content increases during the 
experiment. We therefore stress the poipt that in every 
case of fig. 7, the glycogen values at the end of the ex- 
periment are higher than those in the intermediate period, 
which we consider to be incompatible wnth the occurrence of 
accidental variations. If real, this increase of the glycogen 
content is in complete accordance with the augmented 
respiration, which will furnish the required energy, as well as 
with the above-mentioned possible accumulation of CoRi-ester 
which easily yields glycogen when present in large amounts 
(OSTERN C.s. CORI C.S. l^)). 



minutes 

Fig. 7. Glycogen content of 4 
ccm suspension. The arrow indi- 
cates the flexing points in the 
(omitted) respiration curve. Gly- 
cogenolysis decreases and 
is reversed in synthesis. 


1000 

600 

600 

400 

200 

0 


- 



lOOj. 













- 








IQfc 


lEI 

y 

2L 

"5 



- 



/ 

m 




n 


H 

n 









m 





yl 


1 

x’ 







( 


m 


1 . 



ss 

1 







Libd 



m 

m 

IS 

m 

li 



uJ 


Omi 



time 


Fig. 8. Influence of cyanide. ( = no cyanide; 100 

reap. 2.)0y KCN added at >|r to 2 ccm suspension). Moderate 
inhibition. 


This might suggest the hypothesis that the formation of glucose- 1 -phosphate is the 
first step in oxidation reactions in liver and muscle, according to the following outline: 

glycogen 

\ t 

glucose-1 -phosphate — >“002 + H 2 O (in liver and muscle) 

I 

glucose-6-phosphate— >glucose (in liver) 

I 

fructosediphosphate (in muscle) 

I 

lactic acid. 
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V. The respiratory system. It seemed of interest to acquire some knowledge of 
the nature of the system that causes this large oxygen consumption. We therefore studied the 
influence of cyanide. 

Potassium cyanide was added in amounts of 100 and 200 y when the full augmentation 
effect could be observed. 

Fig. 9 shows that only a moderate inhibition occurred (100 y KCN inhibited on the ave- 
rage 87%, 200 y KCN 55% of the oxygen consumption). These amounts of cyanide would 
inhibit a hemin respiration for at least 90% (12). 

The large oxygen consumption therefore cannot be caused by the activity of a hemin 
system sensible to cyanide. Other systems have not been investigated as yet. 

We may remark that the muscle contains much less flavin than the liver. Therefore if a flavin 
system would play a part one would expect a larger effect in the experiments with liver pulp, which 
is not the case (see § I). 

Other possibilities await further investigations. 

Discussion. 

A peculiar phenomenon, viz. a large increase of the oxygen consumpt’on and carbon- 
dioxide production was observed after shaking pulp from glycogen containing organs for some 
time at 37°. 

It is obvious that this effect has nothing to do with any process occurring in vivo. Most 
probably it is an entirely artificial phenomenon. Nevertheless it seems important for the study 
of carbohydrate metabolism, because in this artificial way conditions are created, under 
which glycogen synthesis is possible. The experiments therefore seem to bear relation with 
those of OsTEKN and of Cori (l.c.). These authors could observe a synthesis of glycogen in liver 
and muscle after eliminating the action of either phosphatase, which dephosphorylates the 
glucosephosphate (in liver), or of adenylpyrophosphate which adds a second molecule of phos- 
phoric acid to it in muscle tissue). Perhaps wo succeeded in obtaining the same result by the 
simple aerobic shaking of tissue pulp. The variation in the time at which the effect appears 
spontaneously after previous treatment with adrenaline is easily explained by assuming that 
an appreciable amount of glucose-1 -phosphate must be p. esent before the augmentation effect 
appears. 

Finally these investigations show that any respiration experiment what oever can easily be 
disturbed by the above described phenomenon; hence it is necessary to follow the course of 
the respiration and not to confine oneself to the determination of the total oxygon con 
sumption, as has been frequently done l)y earlier investigators. 

Siliniiuiry. 

1. Tiy shaking tissue pulp at 37° an initial decrease of the respiration follow- 
ed by an appreciable increase of th(‘ oxygon consumption is induced. 

2. This effect occurs with organs containing glycogim (liviT, heart, stomach and 
intestine) but as a rule not with other organs (spleen, kidney, brain). The results with 
testicle ‘are uncertain and as yet unexplained. 

3. The effect is caused by intraccdlular processes and not by alterations of the 
medium. Deterioration by micro-organisms could be excluded. 

4. The respiratory quotient is about 1. The substrate is neither glucose nor lact ic 
acid, but possibly glucose ! -phosphate. 

5. The increase of the respiration is accompanied by an increase of the glycogen- 
content (at least in muscle). 

6. The effect is only moderately inhibited by cyanide. 

7. The effect may be valuable for the study of the reactions occurring in glycogen 
synthesis and glycogenolysis. 
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Katalytische Oxydation von Sulfiden durch Hamin 

Oder Hamoglobin 

VON 

F. HAUEOWITZ 

(Unter Mitarbeit von M. MUTAHHAR YENSON und P. SCHWERIN) 
(Mediz.-ahem. Imt. der Univ. iRtimbui). 

(18.111.41.) 


Die Defaydrierung von Sulfiden durcii molekularen SaueiHioff zu Schwefol wird 
von Hamin katalysiert (Krebs ^)). Die gleiche Wirkung lasst sich auch durch 
Hemoglobin erzielen (Versuch 1). Wir haben diese Reaktion naher untersucht, weil 
es sich um ein besonders einfaches Substrat handelt und um einen KataJysator, der als 
Reprasentant der biologisch wichtigeri Katalysatoreu vom Hamintypus angesehon 
worden kann. Dabci haben wir folgende Beobachtungcn gemacht: 

1. Bei Gegenwart eines Gberschusses an Og wird bei der durch Hamin katalysierten 
Dehydrierung auf je 2 Molekiile HgS nur 1 Molekiil Og verbraucht (Versuch 2), danii 
nimmt die Reaktionsgeschwindigkeit sehr wesentlich ab; neben molekularem Schwefel eni- 
stehen nur kleine Mengen Sulfat (Versuch 8). Die Oxydation verlauft daher nacht der Brutto- 
gleichung A: 

A) 2H2SH-02=2S + 2Hg0 

2. Unter den im Versuchsteil beschriebenen Bedinguiigen werden durch 1 Mol. Hamin 
m 60 Minuten etwa 100 — 200 Aquivalente HgS zu S dehydriert. Lasst man unter den 
gleichen Bedingungen Hamin auf HgOg einwirken, so werden von 1 Mol Hamin in 60 Minuten 
90 — 120 Aquivalente HgOg katalatisoh zersetzt (^Versuch Nr. 5). Die Grossenordnung 
dor beiden Reaktionsgeschwindigkeiten ist also gleich. Es ist daher sehr wahrscheinlich, dass 
an Stelle dor trimolekularen Reaktion A'l die beiden bimolekularen Ileaktionen B) und C) 
treten: 

B) HgS + Og- S + HgOg 0) HgOg f HgOg- 2 HgO + O* 

Dies stimmt mit Beobachtungen von Sohalbs^) iibereiu, der bei der Dehydrierung von 
HgS die Bildung von Peroxyd nachgewiesen hat. 

3. Im System HgS + Og + Hamoglobin bestoht kein direkter Zusammenhang 
zwisohen Dehydrierung und Bildung von Sulf hamoglobin. Die Dehydrierung ver- 
jauft bei ph 7,7 schneller als bei ph 6,7, die Sulfhamoglobin-Bildung langsamer (Versuch Nr. 4). 

Sulfhamoglobin wurdo wegen seiner grunen Farbe in letzter Zeit von mehreren Fortichem als 
Verdohamochromogen angesprochen. Eigene Untersuchungen, Uber die an anderer Stelle berichtet 
wird, haben jedoch gezeigt, dass Sulfhamoglobin ebensoviel Eisen enthalt wie Hamoglobin, dass 
dieses Eisen ebenso fest gebunden ist und dass kein Anzeichen fiir eine Offnung des Porphinringes und 
fiir den Ubergang in ein Gallenfarbstoff-Derivat besteht (3# 4 ). — Die Reaktionsgeschwindigk^eit der 
Dehydrierung ist bei der H&moglobin-Katalyse von der gleichen Grossenordnung wie bei der durch 
Hamin katalysierten Dehydrierung des Schwefelwasserstoffes. Aber es wird wenigor als 1 Molekiil O, 
auf je 2 MolekUle H,S verbraucht. Dies zeigt, dass ein Teil des Schwefelwasserstoffes an Hamoglobin 
gebunden oder von bestimmten Atomgruppen des Hamoglobins oxydiert wird, zum Beispiel von den 
Dithiogruppen des Cystins. 

4. Schhttelt man L58uiigen von H&min oder Hamoglobin mehrere Stunden mit einem 
grozsen UberschusB an HgS und Og, so wird allmahlich der Blutfarbstoff zer8t5rt. 
Dies &u88ert sich in einer Abnahme der Lichtabsorption und in einer Zunahme des leicht ab- 
Bpaltbaren EiaenB (Versuch Nr. 6). Die langsame Zerstorung des Blutfarbstoffes beruht offenbar 
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auf diner Spaltung dee Porphingertistee duroh das intermedi&r entstebende Wasserstoffperoxyd. 
Sie bat mit der sobnell verlaufenden Bildong des Sulfntoioglobing niobts zu tun (^). 

Mechanismas der H&min-Katalyse. 

In einer friiberen Mitteilung <5) war nacbgewiesen worden, dass Hamin eine labile Verbin- 
dung mit Wasserstoffperoxyd bildet und dass in Gegenwart von Hamin das Reduktionspo- 
tential des Wasserstoffperoxyds an der tropfenden Hg-Elektrode berabgesetzt ist, Daraus gebt 
hervor, dass das HgOg-Molekiil durcb Bindung an Hamin „aktiviert” wird. Bei diesen Unter- 
sucbungen war bereits festgestellt wordon, dass das Reduktionspotential des Og-Molekiils 
durcb Hamin nicbt verandert wird. Hamin sobeint also nicbt imstande zu sein, das 02''Mol6kul zu 
aktivieren. Bei der Reaktion zwisoben HgS und O 2 wird offenbar das HgS-Molektil durcb Hamin 
aktiviert. Wabrscbeinlicb bildet sicb aucb bier eine koordinative Verbindung durcb Anlage- 
rung von HgS an das Fe-Atom des Blutfarbstoffes. Kbilin®) bat als erster eine solcbe Ver- 
bindung zwiscben HgS und Metbamoglobin nacbgewiesen. Nun wird jedoob H^min durcb 
H 2 S, wie aus dem Parbumschlag und dem spektroskopiscben Refund bervorgebt, sofort zu 
Ham reduziert. Desbalb nebmen wir Anlagerung von HgS an die Ferro- Verbindung Ham an (1): 

\ \ 

I) Fe+SHg = Fe^f-SHg 

/ / 

Durcb die koordinative Bindung des Sulfid-Molekiils an das Porpbyrin-Eisen werden die 
f,einsarnen Elektronenpaare*' des S- Atoms offenbar so weit entkoppelt (7), dass 2 Elektronen 
an die Elektronenlucke des 02-Molekul8 abgegeben werden und dieses dadurcb reduziert wird 
(Gleiobung II): 

\ \ 

II) Fe^^-SHg+Oj = Fe + S + HgOg 

/ / 

Man kann die zwiscben HgS und Og erfolgende Reaktion deutlicher zum Ausdruck bringen, 
weim man nach einem Vorschlage von Arndt und Eistbrt 7) die in den iiblichen Formeln nicht ge- 
zeichneten einsamen Elektronenpaare der aussersten Elektrononsohale durcb Querstriche, Einzel- 
elekCronen (= Radikalstellen) durch Punkto, koordinative Bindungen durcb Pfeile vom Donator 
des Elektronenpaares zum Acceptoratom darstellt. Die bindenden Elektronenpaare werden in 
ublicher Weise durch Valenzstriche zwischen den vorbundenen Atomen zum Ausdruck gobracht. 
Setzt man fiir das Sauerstoff-Molekiil wegen seiner bekannten starken paramagnetischen Suszeptibi- 
litai die Di-radikal-formel ein, so treten an Stelle der Gleichungen I und II die Gleichungen III und IV : 

Die Reaktion zwischen HjS und O, wird noch besser verstandlich, wenn man an Stelle der iiblichen 
di-radikalischen Formel des Sauerstoffes die mesomere zwitterionische Formel einsetzt. Dann ent- 
steht die bereits frtiher von uns (5)angenonimene tautomere Form des Wasserstoffperoxyds (V); der 
eigentliche Reduktionsvorgang besteht danach in einer einfachen Wanderung eines Elektronenpaares 
vom S-Atom zum 0-Atom nach Gleichung VI: 


6| VI) ISl + 0-01 = || + Ip-0 I 

Sulfid- Sauer- Schwefel Wasser- 
ion. stoff stoffner- 

oxyd-ion 

Unsere eben entwiokelte Ansobauung untersobeidct sicb wesentliob von der berrsohenden 
Auffassung, nacb welcb^ ein stHoidiger Valenzwechsel am Pe-Atom nach Qleicbung VII und 
VIII angenommen wird. 


V)\e^l 


(+) (-) 

g_0 I = + 
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\ 

VII) 2 Fe+ + HjS = 

\ 

Vin) 2Fe + Ojj + 2H+ 

/ 


\ 

2 Fe+S + 2 H+ 
/ 

\ 

= 2 Fe'*’ + H2®2 
/ 


Gleiohung VII und VIII stellen trimolekulare Reaktionen dar, sind daher wenig wahr- 
Bcheinlioh. Um sie zu umgehen, rniisste man bei VII als Zwischenprodukt ein Radikal SH und 


bei VIII ein Radikal O-O-H annehmen. Derartige Radikale sollten sioh leicht mit einander 
vereinigen und dadurch zur Bildung von Sulfit und Sulfat fuliren. Tats xhlich entstohen aber 
bei der Dehydrierung von HgS durch Og und Hamin nur kleino Mengen Sulfat neben grosson 
Mengen von Schwefel. Gegen einen Valenzweohsel am Eisen spricht auch die Untersuchung 
von Krebs l), der unter anderem festgestellt hat, dass die Dehydrierung des Schwefel wasser- 
stoffes auch durch NiS04 und durch C0SO4 katalysiert wird. Keine dieser beiden Substanzen 
wird durch Sauerstoff oxydiert. Wir ziehen daher den Gleichungen VII und VIII die oben ent- 
wickelten Gleichungen I und II vor und nehmen an, dass der Sauerstoff nicht das Metal l- 
lon oxydiert, sondern das vom Metall-Ion polarisierte Substrat. Es ist dazu not- 
wendig, dass Substrat und Katalysator einander geniigend nahe komrnen, damit der polar isie- 
rende Einfluss des Metallatoms wirksarn wird. Dabei kann eine echte koordinative Bindung 
zustandekommen, scheint aber nicht erforderlich zu sein. Diese Prage wird derzeit an anderon 
Haminkatalysen untersucht. 


Versuche. 


!• Oxydatiofi von HgS zu S. 600 com einer 9,8 %igen Losung von krystalliHiertem Pferdo-Ox3^ha- 
moglobin wurden 12 Sturiden lang mit einem Gemisch von 1 Liter HgS und 0.5 Liter Og geschiittoll; 
nun wurd© evakuiert und das SchuLteln rnit dem Gasgerniseh noch 2 mal wiederholt. Dann wurd© ab- 
ssentrifugiert, der Niederachlag mit n/lO-Essigsiluro gowaschen, b:‘i 110 Grad getrocknet, gewogen 
(s= 19,0 g). Er enthiolt 29 % S (42,0 mg = 88,0 mg BaS04); durch siodendes Benzol boss sich der grorfste 
Toil des Schwefels in Losung bringen. 

2. Messung des Og-Verbrauches. In die Hauptgefftsse einor Keihe von WARBURO-Gefassen kamen 
je 1,25 ml. m/5-Phosphatpul'ft‘r ph 5,7 und sleigendt M’ligen Gamin, gi'lost in 1 ml. n/10 NaOH; die 
Seitengefasse enthielton 1 ml. n/20-H2S“Wasser (= 0,05Milh-Aquivalenle Hg^). Nach dem Temporal ur- 
ausgleich wurde gekippt und bei Zimmertemperatur geschuttelt. Tabello 1 zoigt , dass die Reaktion 
stehen bleibt, wenn etwa 280 — 320 ccm Oj aufgenommen sind, das sind 0.052- -0.060 Milh- Aqui valent e 
O2. 

TABELLE I. 


Volumen in omm (25®, 753 mm). 


Mmuron 

y liamm: 

0 

3,9 

■BQI 




250 

1000 

8 


+ 14 

+ 34 

+ 1G 

+ 23 

+ 14 

f 15 

+ 23 

—2 

18 


+10 

+ 31 

+ 10 

— 1 

—42 

—75 

—120 

—183 

28 


+2 

+ 18 

—10 

—35 

—96 

—153 

—216 

—249 

38 


—5 

+11 

—28 

—61 

—138 

—207 

—258 

—253 

68 - 


—12 

—17 

—73 

—128 

—224 

—279 

—281 

-250 

98 


-14 

- 38 

- 107 

-172 

—273 

—303 

—292 

—253 

128 


—15 

—56 

—136 

—208 

—299 

—309 

—282 

—244 

168 


—18 

—70 

—159 

—210 

—314 

—306 

—281 

—252 

188 


—24 

—86 

—178 

—264 

-321 

—305 

—281 

—252 

Atqu.Og : A qu. Hainin 


216 

187 

690 1 

510 

:ua 1 

148 1 

30 


Die anf&ngliohe geringe Volumenszunahme beruht wahrscheinlich darauf, dass aus der alkalischen 
H&minl6sung durch den Puffer kleine Mengen COj entwickelt werden. 

3. Bildung von S Jifat. 2,6 mg Hllmin wurden in 2,6 ml. n/lO-NaOH mil 7,6 ml. Wasser, 10 ml. 0,05 n- 
HgS und 12,6 ml. m/6-Puff er ph 6,7 eine Stunde lang geschUttelt, dann ndt HCl angesauert, vom aus- 
faUenden H&min imd Schwefel abfiltriert, gewaschen und im klaren Filtrat das Sulfat durch Zusatz 
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von Chlorbarium gefallt. Gef. 3,93 mg BaSQi. Mit Phosphatpuffer ph 7,7 (anstatb 6,7) wurden nur 1,12 
mg BaSO^ gefunden. 

4. 0,*Verbrauch und Sulfhimoglobin-Bfldung. In die Hauptkammem der WARBUROget&sse kamen 
2 ml.m/6-Phosphatpuffer -h 0,5 ml. Wasaer -f 0,6 ml. einer Hb-Losung, die aus Kaninchen-Erythrooy- 
ten durch HUmolyse mit Wasaer, Zusatz von 1 % kryatall. NaCl und Abaohleudem der Schatten ge- 
wonnen war. In Kontrollversuchen wurde Hb durch 1 % NaCl-L6simg eraetzt. Die Seitengefasse ent- 
hielten 1 ml. O.OS-n-Schwefelwasserstoffwasser. 


TABELLE II. 


Nr. 

Katalysator 

ph des Puffers 

Oj-Verbrauch in mm® 


60' 

90' 

120' 

1 

5,4 % Hb 

57 

--56 

—108 

—140 

—167 

2 


6,7 

—157 

—214 

—225 

—231 

3 

tp 

7.7 

—161 

—198 

—202 

—209 

4 

2,7 % Hb 

6,7 

—20 

—64 

—90 

—115 

5 

P» 

6.7 

—122 

—179 

—204 

—219 

6 

Vf 

7.7 

—136 

—194 

—209 

—218 

7 

Kontrolle 

5,7 

-f28 

+ 23 

+ 18 

+ 15 

B 

>» 

6.7 

+ 11 

+ 4 ! 

—4 

—12 

9 

pp 

7,7 

—7 

—13 

—33 

—42 


Nach Beendigung des Versuches war Verauch Nr. 1 griin gefarbt und zeigte apektroskopiach in- 
tensive Absorption im Rot neben zwei kaum merklichen Banden im Griin. Dies entapricht fast; vollkom- 
mener Umwandlung in Sulf-Hb. Lbsung Nr. 2 und 3 waren braun und zeigten neben dem Spektrum 
des Sulf-Hb deutlich die beiden Streifen des OjHb. Im PuLPRicnachen Stufenphotometer waren die 
Extinktionskoeffizienten bei Farbfilter und 6 mm Schichtdicke im unbehandelten Ansatz zu Ver- 
auchabeginn 0.04; in Ldsung 1 = 0.596; in Losung 2 = 0.606; in Losung 3 » 0.42. 

6. Zersetzung von Wasserstoffperoxyd durch Himin. In die Hauptgefasse der WARBURo-Appa- 
ratur kamen je 0,6 ml. einer 0,2 %igen L5sui^ von in 0,1 n-NaOH und 1,26 ml. 0,2 -m Phoa- 
phatpuffer ph 6,7 (nach S6rbnsen), in die Seitengefasse je 1 ml. 0,1 n^NaOH mit steigenden Mengen 
H&min. Die unterate Zeile der Tabelle III gibt die von je 1 Mol. H&nin in 66 Minuten zerscdrten 
Mengen Wasserstoff-Peroxyd an, und zwar in Aquivalenten aul je 1 Aquivalent Hamin. 

TABELLE III. 


Volumszunahme in mm® (t = 24®, p = 764 mm). 


Minuten 

Haminmenge in y: 

0 

62,5 

125 

250 

600 

1000 

6 

1 

5 

9 

10 

10 

5 

16 

12 

6 

— 

— 1 

101 

172 

204 

35 

8 

66 

136 

216 

291 

296 

66 

6 

63 

165 

241 

287 

292 

H,0, : Hamin 

— 

91 

136 1 

103 i 

61 

31 


6. ZerstSrung von Himin und Himoglobin durch einen OberschussvonSchwefelwasserstoff und 
Sauerstotf. 35 ml. einer 0,46 %igen Losung von Hamoglobin wurden 12 Stunden mit 300 ml. Sauer- 
Btoff und 600 ml. Schwefelwasaeratoff in geachloasener, 1 Liter faasender, Flasche geschiittelt, dann in 
einem Teil des Ansatzes das leicht abspaltbare Eisen nach Barkan 8) im Trichloressigsaurefiltrat 
bestimmt. Im Kontrollversuch wurde die Hamoglobinloaung nur mit Luft geschuttelt. Das Himo- 
globin war in einigen Versuchen nach Abschn. 1 aua Kaninohen-BlutkOrperchen durch Hamolyse ge- 
wonnen; in anderen Versuchen wurde umkrystallisiertes Hamoglobin vom Meerschweinchen verwen- 
det. Nach 12-stiindigem Schtitteln mit dem Gasgemisch waren 64 % (Kaninchen) beziehungsweise 
79 % Qileerschweinchen) des Gesamteisens leicht abspaltbar, im Kontrollversuch (Kaninchen) nur 
26 %. Je 4 ml. des Ansatzes wurden mit 4 ml. 1 % NaOH am Wasserbad erhitzt bis der abgeschiedene 
Schwefel in Ldsung gegangen war, dann 4 ml. 10 % KCN zugefUgt und die hellrote Ldsung des Cyan- 
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derivates photometriert. Wir fanden im PuLFRiCHschen Stut'enphotometer mit Filter S 43 und 5 mrn- 
Knvette im Hauptversuch E = 2,1, im Kontrollversuch E == 3,2 (Kaninchen-Hamoglobin). 

20 mg Hftmin wurden in 100 ml. n/lO-NaOH gelost und 12 Stunderi mit 900 ml. des Gasgeniischeb 
aus H2S und Og geschiittelt. Zur Bestimmung des leicht abspalibaren Eiaens wurde ein Teil dos An- 
saizes mit verdiimiter Schwefelsaure angeaauert, dann Fe riach Kennedy 9) kolorimetrisch bestimmt . 
Es waren 0,90 mg Fe leicht abspaltbar, das sind 51 % des gesamten Hamineisens. 10 ml. des An- 
satzes wurden zur Photometrie mit 1 ml. 40 % NaOH im Wasscrbade erhitzt. Mit Filter. S43 und 5 lum- 
Kiivette fanden wir zu Versuchsbeginii E — 2,55, nach 12 Sturiden Schiitteln mit dem Gasgemiscli 
E == 1,92. 


Summary. 

The dehydrogenation of HgS by Og in the pnmenct^ of hominor of hemoglobin leads 
to the intermediate formation of H 2()2 (Keactions 1 and II). If small amounts of hemo- 
globin are treated with a largo excess of HgS and Og, the dye molecules are destroyed, 
apparently by H Og. 

The catalytic effect of hemin and hemoglobin on the dehydrogenation is attri- 
buted to the polarising effect of their iron atoms on the sulfur atom of sul- 
fide. The polarised sulfur atom delivers one of its lone electron pairs to the oxygei. 
molecule, reducing it to hydrogenperoxyde (Eeactions V and VI). There is no reason to 
assume a perpetual change of the vah ney of the iron atom, nor is there any evideiuM 
f<»i the inlermediate formation of free radicals 

1 ) 1 r. A. Krobs, Bioch. Zs. 204, 340 (1929). — 2) O. Scluiles, Ber. Cliem. Ges. 71, 447 (1938). - 3) 
F. Haurowitz, Oppemheimer’a ITdb. d. Biochem., Krg.W(Tk., Bd. 1, 382 (1933). — - 4) F. Haurowitz. 
JJ. ofBiol. Chem.187,771 (1911). — 5) F. Haurowitz, Knzy mol. 2, 9; 4, 139 (1937). — 0) D.Keiljo, 
Proc. Roy. Soc. B 118,393(1933). — 7) B. Eistort, Mesomerio und Tautornerie (1938), S. 74, 

F. Arndt. B. Eiatert, Ber. Clicm. Goa. 72. 202 (1939). — 8) G. Barkan, Klin. Ws. 16, 300 (1937). 

9) R. P. Kennedy, Jl. of Biol C'liem. 74, 886 (1927). 
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Investigations on the aneurin metabolism of the frog, 
compared to that of the rat 

BY 

H. G. K. WESTENBEINK and J. GOUDSMIT 

(Labor, of Physiol. Chem.^ Univ. of Amsterdam) 

With 3 figures. 

(20.III.41.) 


In the last years the aneurin metabolism of various domesticated animals, especially 
the pigeon and the albino rat, has been investigated. These animals had commonly 
lived for a long time under laboratory conditions, receiving abundant food of known 
aneurin content and without being subjected to the immedate influence of the seasons. 
In view of our purpose to extend these investigations to a less fragmentary biochemistry 
of this vitamin, several questions present themselves, viz.: what are the ratio’s of the 
APP *) contents of the corresponding organs of various species; are animals living in 
free nature well provided with this vitamin; what are the variations of the APP content 
of the tissues during the year, etc. 

We have chosen the frog as the chief subject of the present investigation for two reasons: 

1st. Wild animals, which can rea ^ily be captured in nearly all months and may be sup- 
posed to live under quite natural conditions, are not abundant in Holland. The frog is easily 
caught and we may assume that its food supply is not influenced by the neighbourhood of man. 

2nd. The aneurin metabolism has only been investigated in some warm blooded animals, 
BO the study of the frog would also be interesting in this respect that it would furnish the first 
bit of knowledge of the aneurin metabolism of cold blooded animals. 

Our knowledge about the state of the aneurin in animal tissues is only fragmentary. We 
know that by far the greatest part is present in the form of APP. This has been stated for the 
rat and the pigeon and it does not seem unlikely that the same holds for all animals. 

And indeed we have now shown that it holds for the frog. Further it is generally accepted that 
in animal tissues APP is concerned with the oxidative breakdown of pyruvic acid, in other 
terms that it is the prosthetic group of the pyruvic acid dehydrogenase, but no general agree- 
ment exists concerning the question, whether this enzyme is dissociated or not. 

When one proposes to compare the APP contents of the tissues of various species the 
simple determination of this substance in some tissues of arbitrary individuals, without any 
knowledge of their food intake, would be of little value. The interesting state, in which the ani- 
mals should be investigated, is the state, in which the enzyme system of which APP is a part 
exerts its maximal action. When the enzyme, of which APP is the prosthetic group, is non- 
dissociated, the state of maximal activity would be the state in which a specific protein, the 
bearer, has taken up the maximal number of prosthetic groups which it is able to bind. When, 
on the contrary, this enzyme is dissociated, it would not be possible to define it so accurately; 
it would then be characterized by the never accurately indicable APP concentration at which 
the asymptotical part of the dissociation curve is reached. 

According to Lipmann 2) this enzyme is rather highly dissociated. We do not think, how- 
ever, that his arguments are conclusive. His reasoning runs as follows: Pyruvic acid is oxidized 
by Bad. DeWruckii hngissimum in the same way as by animal tissues. However, the enz 3 rme 

*) APP s= aneurinpyrophosphate (cocarboxylase). 
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system of the bacteria is much less labile than that of animal tissues. Hence the bacteria form 
a much more adequate subject to study the enzyme system than animal tissues and it will be 
reasonable to transfer results obtained with the bacteria to the enzyme system, present in ani- 
mal tissues. 

The carboxylase system of yeast, of which APP is also a part, has quite another function 
than the APP-containing enzyme system (most probably the pyruvic acid dehydrogenase 
system) of Bad, Ijelhruckii {^). But both systems have this feature in common that APP can 
only be removed from the dried material by treatment with solutions of ph about 8. From this it 
should be concluded for the pyruvic acid dehydrogenase — as has been done for the carboxy- 
lase — , that it is a non-dissociated enzyme. Lipmann 2), on the contrary, arrives at the opposite 
result by determining the dissociation curve of alkaline waslied dried bacteria. But Wehtkn- 
BRiNK, WiLLEBRANDS and Kamminga^) have shown that results obtained with alkaline washed 
dried yeast may not be transferred to the native enzyme, present in the non-washed yeast. In- 
deed they were able to show that the native enzyme is a non-dissociated one, while the enzyme 
resulting from adding APP to alkaline washed yeast is highly dissociated. Hence, transferring 
this experience with yeast to lactic acid bacteria, we think that Lipmann is not justified in 
concluding from his results with alkaline washed dried bacteria that the native pyruvic acid 
dehydrogenase of Bad. Delbruckii as well as that of animal tissues, is a dissociated enzyme. 

Though the tissues of avitaminous animals, which are nearly devoid of APP, are very 
rapidly supplied again with their normal APP content after the injection of a sufficient quantity 
of aneurin (l), previous to our experiments with frogs it seemed to be impossible to raise the 
APP content of animal tissues higher than the content observed in the case of healthy, well-fed 
animals. This is described by Ochoa for the APP synthesis by pigeon tissues in-vitro. In the 
same paper Ochoa alludes to unpublished observations by Peters and himself on the injection 
of aneurin into pigeons, which confirmed the results of his in-vitro experiments. The present 
authors had already carried out numerous experiments along similar lines with rats. Injecting 
the enormous dose of 2 mg of aneurin the APP content of the tissues did not seem to have in- 
creased significantly. We have now repeated some of these experiments (see table 1). We ex- 
plained these results by assuming that the animal organism did not synthesize more APP than 
could be bound as a prosthetic group by the available amount of bearer. 

Hence, starting the present investigation, wo supposed that in comparing the APP contents 
of analogous tissues of various species, it would be possible to eliminate the influence of the 
state of nutrition by injecting a large dose of aneurm some hours before killing the animal. 
The APP content of the tissues would then have its characteristic maximal level, not deter- 
mined by the amount of aneurin taken in, but solely by the specif ical properties of the tissues 
under investigation. 

But this appeared to be untrue. Our first observations in this direction were made with 
frogs. The organs of freshly captured winter-frogs appeared to contain amounts of APP of 
the order of some y’s per g, but some hours after the injection of 2 rng of aneurin enormous 
quantities were found (up to more than 100 y/g in liver and k dn(‘y ; see table V) , amounts which had 
never been observed with rats. This might be due to a specific difference in APP-binding ca- 
pacity between the frog and the rat, or to the fact that in ratio to the body weights 2 mg is a 
much higher dose for the frog than for the rat. The latter explanation was shown to bo the right 
one. When 10 mg of aneurin were injected subcutaneously into the rat, APP contents of the 
tissues lying much above the normal level were observed (see tables II and III). 

Obviously, when very high amounts of APP are administered parenterally much more 
APP is formed than is commonly found in the tissues. But after about 24 hours, in the case of 
the frog as well as in the case of the rat the high surplus has disappeared again and amounts, 
also observed with animals living in conditions of optimal nutrition, result. M'e might explain 
these phenomena by assuming, 1st that pyruvic acid dehydrogenase is a non-dissociated en- 
zyme, 2nd that the surplus of APP, formed as a consequence of the injection of an abnormally 
high amount of aneurin, is not bound to protein and 3rd that this free APP is much more easily 
attacked by the tissue phosphatases than the protein- bound APP. Special experiments have 


10 * 
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already given some confirmation of these hypotheses. They will be continued and published 
later on. Moreover for yeast Wbstbnbrink, Willebrands and Kamminga^) have proved 
already that the protein-bound APP is more resistent to the action of phosphatase than free 
APP. It is true, the yeast protein seems to be different from the specific animal tissue protein, 
but the animal- and the yeast symplexes might have this property in common. 

We think we must distinguish between ,,pemianent** - a,nd „teviporary'* APP of the tissues. 
I’he „permanent’' APP is the APP bound to protein. Probably all APP is „permanent” APP, 
when no abnormally high amounts of aneurin are suddenly introduced into the organism. Of 
course the „permanent” APP also disappears gradually, when an animal is restricted to an 
aneurin-deficient diet. But even under these conditions it is lost much less rapidly by the or- 
ganism than the „temporary’’ free APP is lost by animals, living on a food containing ample 
aneurin. According to our theory the maximal value of the „permanent*’ APP is characteristic 
of an organ of a definite species. 

So when one proposes to compare the specific APP contents of animal tissues these should 
be investigated one or two days after the injection of a largo dose of aneurin. By this method 
we were able to show that no essential difference exists between the frog and the rat, only the 
maximal value of the frog’s organs is somewhat lower than that of the rat’s. But this should 
not be considered as a difference between warm blooded- and cold blooded animals, for about 
the same difference is found between the pigeon and the rat. 

Finally some special features of both animals will be pointed out. 

The frog. The APP contents of the tissues of summer- and autumn frogs are about 
equal to the contents of the corresponding tissues about 24 hours after the injection of 2 mg 
of aneurin. So in summer and autumn the organs of the frogs have the characteristic maximal 
„permanent” APP content. In winter and spring the APP content is lower, but it does not 
approach complete disapj)earance. The metabolism of APP and aneurin during hibernation 
must be very low. No difference between E. csculenta and B, temporaria was observed. 

Just as with the rat the free aneurin content of the frog’s kidney is very high after an 
aneurin injection. For example in some cases after an injection of 2 mg the kidneys contained 
about too Y of aneurin, while they normally only contain negligible amounts (the weight of both 
kidneys together is about 100 mg). Doubtless this must be brought into connection with the 
excretion of large amounts of aneurin after the injection. Besides the kidney another road of 
aneurin excretion seems probable, viz. the skin. Indeed relatively high amounts of aneurin 
are found in the skin after an aneurin injection (see table VIII), while no aneurin could be de- 
tected in it when no injection was given. 

The rat. Well nourished rats, c.(/. rats fed with full milk powder and whole wheat, have 
the same APP content as rats, killed one or two days after the injection of 10 mg of aneurin. 
So their tissues have their characteristic „permanent” APP content. The APP content of the 
liver and the kidneys of these rats are about equal. But the APP content of the kidneys *) 
rises much less after an injection than that of the liver (Table IV). This is probably caused by 
the higher phosphatase content of the kidneys, by which the „temporary” APP is easily des- 
troyed. We are investigating this point more closely. 

Experimental part. 

Most fro^ employed were freshly caught. Only a few experiments have been done with fro^s, 
kept during the wintermonths in a shed at the laboratory courtyard. Concerning our provision with 
frogs we have to record luck as well as ill-fortune. We started our work in the winter of 1989—1940. 
Though it is commonly impossible to catch frogs in the wintermonths the season was very favourable 
to this purpose: in the first months of 1940 the water was covered for such a long time with ice and 
snow that the frogs woke up from the wintersleep in search of oxygen-containing water. They were 

*) The experiments on kidney are not included in table II, as the experiments referred to in 

this table were performed by means of the thiochrome method A, which is very rapid but not ade- 
quate for determining APP in rat’s kidney (^). 
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captured in the nets put in iceholes by fishermen and thus we could secure several freshly captured 
winterfrogs. The remainder of the year 1940 on the contrary was very unfavourable for the work with 
fro^, because the numbeir of frogs in Holland had dropped to an imknown low level. Most frogs had 
perished during the very long winter. However, we succeeded in capturing enough of them to continue 
our work. 

The rats were Wistar albino rats, bred in the laboratory for many generations. Thoir food consist- 
ed of one part of full milk powder and two parts of ground whole wheat. Those rats are montionc'd as 
„norrnar’ rats. Some experiments were performed with rats, confined for some weeks to an aneurin 
free diet. Their food consisted of ground washed polished rice 81} ])er cent., casein („Ashlpss'’\ from the 
British Drug Houses) B per cent, autoclaved yeast 10 per 
cent, codliver oil 1 per cent and saltmixture B per cent. 

The aneurin was dissolved in water immediately b(‘fore 
use. It was injected subcutaneously. 

The aneurin determinations were carried out by the 
ihiochrome method, the APP determinations by the thin- 
chrome method and by the rnanometrio method (®). 


TABLE I. 

Normal rats. APP determined in liver by inano- 
motric method. 


No anourin injected 

Killed 2 hours afler the in- 
jection of 2 mg of aneurin. 

Rat N® 

y AlT/g liver 

Rat N“ 

y APP/g liver 

1 

18 ! 

7 

B2 

2 

14 

8 

22 

B 

19 

9 

22 

4 

14 

10 

IS 

5 

16 

1 f 

IS 

(> 

12 

12 

16 



Table 1 shows the APP content of the livers of 1- Average data from table II (rats), 

a series of normal rats, killed iwx) hours after the injec- 

tion of 2 rng ui aneurin, and the corresponding figures 0 0 ! inus(d(‘ 

obtained simultaneously with similar rats without O O : splt oii 

injection. Though the average of the former series is 

higher than that of the latter one, the difference is not significant. Hovve\(a’, when we also 
consider the figures of tables II, III and IV we arrive at the conclusion that the APP content 
of the organs of the rat and especially of the liver can indeed be increased by aneurin injec- 
tions. Table IV shows that the rise is much less in the kidney than in the liver. Probably this 
is caused by the high phosphatase content of the kidney which destroys a surjiliis of AIT. 
As is shown by comparing tables V, VI and VII, the increase ol APP after an aneurin 



hours after injection. 

Pig. 2. Average data from table III (rat’s liver). 


injection is still much more yiroiionnced in 
the frog. 

The thiochrome method is not so sensitive 
as the rnanometric method. For this reason the 
former is not adequate for the investigation 
of various small frog’s organs in their natural 
condition. Hence the figures of table V con- 
cerning non-injected frogs only prove that the 
contents of the various tissues are very low. 
After an aneurin injection, however, also in 
the case of the frog, it is possible to determine 
the now much larger amounts of APP by the 
thiochrome method. 
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TABLE II. 

Normal rats; 10 mg injections; after injection aneurin-rich food ad Ub. Aneurin- and 
APP determination by thiochrome method A. 


y g. 


Organ 

No injection 

Killed 2 hrs 
after inject. 

Killed 6 hrs 
after inject. 

Killed 24 hrs 
after inject. 

Killed 96 hrs 
after inject. 

Rat No. 

Aneurin 

APP 

Rat No. 

Aneurin 

APP 

Rat No. 

Aneiurin 

APP 

Rat No. 

Aneurin 

APP 

Rat No. 

Aneurin 

APP 

Liver 

1 

0.6 

6 

4 

30 

44 

7 

2 

21 

10 

1 

9 

13 

1 

0.6 

13 


2 

0.6 

7 

5 

26 

36 

8 

2 

19 

11 

1 

10 

14 

— 

17 


3 

0.6 

9 

HI 

16 

35 

9 

2 

21 

12 

1 

12 

15 

0.5 

10 

Muscle 

1 

0.6 

1 


9 

8 


0.5 

4 

10 

1 

2 

13 

0.5 

2 


2 

0.6 

1 


26 

4 


0.5 

2 

11 

0.5 

1 

14 

0.5 

1 



1 

1 

G 

3 

3 


0.5 

7 

12 

1 

1 

15 

0.5 

1 

Brain 


0.6 

2 

4 

0.5 

11 


1 

9 

10 

0 

1 

13 

0 

4 



0.5 

2 

5 

1 

13 

8 

1 

7 

11 

0 

4 

14 

0.5 

1 



0.5 

3 

G 

0.5 

7 

9 

— 

— 

12 

1 

I 

15 

0.5 

4 

Spleen 

1 

1 

4 

4 

4 

5 

7 

0.5 

6 

10 

0.5 

0.5 

13 

1 

5 


2 

1 

3 

6 

2 

10 

8 

0.5 

6 

11 

0.6 

2 

14 

0.6 

6 


3 

0.5 

1 

G 

3 

U 

9 

1 

4 

12 

0.5 

2 

15 

2 

7 


TABLE III. 

Rats 4 weeks on aneurin-free diet; sometimes dosed with small amounts of aneurin; 
10 mg injections; after injection aneurin>rich diet; APP determinations by * 

manometric method. 



Rat No. 

yAPP/g liver. 

No injection 

1 

1.8 


2 

1.5 


3 

1.1 

Killed 2 hours after injection . . 

4 

30 

6 

29 


6 

22 

Killed 4 hours after injection . . 

7 

24 

8 

31 


9 

22 

Killed 48 hours after injection . 

10 

12 

11 

11 


12 

10 


TABLE IV. 

Normal rats, killed 2 hours after the injection of 10 mg of aneurin. APP determined 
in liver and kidney by manometric method. 


Rat No. 

yAPP/g liver 

yAPP/g kidney 

1 

82 

17 

2 

27 

15 

3 

27 

16 
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TABLE V. 

Winter-frogs; Dec. 1940. APP- and aneurin determinations in liver and kidney by the 

thiochrome method. 


Treatment of frog 


No injection 


Repeatedly injected wit 1.0 or 0.5 mg 
^eurin. lulled 14 hours after the last 

injection 

Same, but killed 2^ hours after the last 
injection 


Liver 

Kidney 

yAPP/g 

y aneurin/g 

yAPP/g 

y aneurin/g 

0 

1 

0 

4 

0 

0 

0 

2 

0 

0 

0 

0 

1 

1 

0 

0 

2 

1 

0 

0 

80 

120 

52 

560 

104 

162 

120 

1260 

11 

60 

84 

340 

9 

65 

84 

660 


TABLE VI. 


R. eaculenta; freshly captured summer- and autumn frogs; no injections; APP de- 
termination by manometric method. 


Date 

Prog No. 

Sex 

yAPP/g 

Liver 

Kidney 

Heart 

Thigh- 

muscle 

Venter- 

muscle 

Ovarium 

July 16th 

1 

? 

7.0 

6.5 

4.0 

n 

2.2 

2.8 

1940 

2 

<s 

4.5 

7.0 

7.6 

■^1 

0.9 

— 


3 

<j 

4.5 

5.0 

5.3 


1.5 

— 


4 

<? 

2.6 

— 

8.0 

0.8 

1.0 

— 

Sept. 6th 

5 

<? 


— 

— 

— 

— 

— . 

1940 

6 



— 

— 

— 

— 

— 


1 7 

9 


— 

— 

— 

— 

— 

Jan. 18th 

8 

$ 

2.5 

2.6 

4.0 

1.3 



4.0 

1941 

9 

9 

2,0 

2.0 

2.5 

1.0 

— 

1.5 


10 

(? 

3.6 

2.5 

1.5 

1.4 

— 

— 

Febr. 17th 

11 

<? 

8,0 

3.0 

4.0 

0.8 



— , 

1941 

12 

$ 

2.5 

.3.0 

3.0 

0.5 

— 

1.8 


13 

9 

2,0 

4,6 

3.0 

0.8 

— 

0.3 


TABLE VII. 


Frogs injected subcutaneously with 2 mg of aneurin and killed at different times 

after the injection. 


Date 

Time after 
injection 

Frog 

No. 

y/g hver 

Method 

APP 

Aneurm 

Pebr. 22th ’40 

6 hours 

1 

66 

248 

Thiochrome 


tt 

2 

110 

327 

tt 

July 1st ’40 

2 hours 

3 

34 

76 

tt 


1) 

4 

34 

84 

tt 


tt 

6 

28 

58 

tt 


4 hours 

6 

28 

52 

tt 



7 

48 

34 

tt 



8 

22 

44 

tt 


6 hours 

9 

11 

— 

Manometric 



10 

6 

— 

tt 



11 

68 

74 

Thiochrome 
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TABLE VII (continued). 


Date 

Time after 

Prog 

No. 

y/g liver 

Method 

injection 

APP 

Aneurin 

July 1st ’40 

18 hours 

12 

6 


Manometric 

it 

13 

6 

— 

tt 


$9 

14 

5 

— 

tt 


it 

15 

5 

— 

it 

Sept. 3rd ’40 

2 hoiirs 

16 

40 

— 

tt 


17 

60 

— 

it 


4 hours 

18 

70 

— 

tt 


it 

19 

68 

— 

tt 


6 hours 

20 

42 

— 

tt 


it 

21 

108 

■■ 

tt 



0 2 4 6 10 18 20 

hours after injection. 

Pig. 3. Average data from table VII 
(frog’s liver), July 1st. 


Prom tables II (fig. 1), III (fig. 2) and VII (fig. 3) it 
may be seen how rapidly the great surplus of APP declines 
again. It is interesting to compare these rates with the 
small difference between the organs of frogs, investigated 
before and some months after the begin of the hiber- 
nation. The experiments with the rats are especially 
interesting in this respect that these animals were allowed 
to eat liberally of a food containing abundant aneurin 
during the elapse of time between the injection and the 
killing of them. And yet the APP content of their organs 
decreased rapidly. 

Table VI, giving a survey of the APP contents of 
various frog's organs, shows that no essential difference 
exists between freshly caught summer- and autumn- 
frogs and well-fed pigeons and rats. The only difference 
is that rat's liver, kidney and heart are commonly richer 
in APP. In view of the results of earlier experiments 
by Webtbnbrink, Vbldman, van Dorp and Gruber 7) on 
the APP contents of different muscles of the pigeon and 
the rat it is interesting to note that in the case of the 
frog the APP content of the heart is higher than that of 
thigh- and venter-muscle, but that no difference appears 
to exist between both skeleton-muscles. 

The experiments on the aneurin excretion through the 
frog's skin were carried out in the following way: the frogs 


TABLE VIII. Prog skin; APP and aneurin determined by thiochrome method. 


Prog No. 

mg aneurin 
uijeoted , 

Killed 

after 

y per g 

Remarks 

APP 

Aneurin 

1 

1 

2 hra 

0 

8 

In water after injection 

2 

1 

2y« hrs 

2 

18 

Dry after iigeotion 

3 

1 

2^ hrs 

3 

18 

tt tt It 

4 

0 

— 

2 

0 


5 

0 

— . 

0 

0 

— 

6 

0 


1 

0 

— - 
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were injected subcutaneously in the back; a piece of skin taken from the venter was examined. It 
was treated in the same way as the other organs. 

When the frogs were kept in water after the injection they were carefully rinsed with tap-water 
to remove all water in which they had been incubated and which contains all the excreted aneurin. 

Table VIII gives the results of the final experiments, showing a distinct aneurin accumu- 
lation in the skin. 

Summary. 

1 . There does not appear to be an essential difference in aneurin metabolism be- 
tween a warm-blooded animal like the rat and a cold-blooded animal like the frog. 

2. The aneurinpyrophosphate content of various organs of frogs in different sea- 
sons was determined. The decrease during hibernation is scarcely perceptible. 

3. The aneurinpyrophosphate content of rat’s and frog’s tissues can be raised 
considerably by the injection of high doses of aneurin. But in the course of one or two 
days it decreases again to the level observed in individuals provided with abundant 
aneurin in their food. 

4. The behaviour, as outlined sub. 2 and 3, is considered as an indication thal. in 
animal tissues aneurinpyrophosphate exists in two forms, the „perraanent” form 
and the „temporary” form. 

5. The question whether the native pyruvic acid dehydrogenase is a dissociated 
enzyme or not is discussed. Most evidence is in favour of a non-dissociated enzyme. 

6. When one proposes to compare the aneurinpyrophosphate contents of the cor- 
responding organs of various species the maximal values of the „permanent” APP 
contents should be compared, which are found about two days after the injection of a 
high dose of aneurin. 

Zusammenfassnng. 

1. Es gibt keinen prinzipiellen Unterschied ini Aneurmstoffwechsel zwischiai 
einem kaltbliitigen Tier, wie dem Frosch, und einem warmbliitigon Tier, wie dor Batte. 

2. Der Aneurinpyrophosphatgehalt verschiedener Froschorgane wurde in ver- 
schiedenen Jahreszeiten bestimmt. Er fallt wahrcnd des Winterschlafes kaurn ab. 

3. Der Aneurinpyrophosphatgehalt der Organe beider Tierarten kann durch sub- 
kutane Einspritzung sehr hoher Aneurindosen stark gesteigert werden, Irn Laufe von 
ein Oder zwei Tagen sinkt dieser hohe Wert jedoch wieder auf das Niveau herab, das bei 
gut, d.h. rait aneurinreichem Futter ernahrten Tieren boobachtet wird. 

4. Die unter 2 und 3 genannten Befunde werden als Bewoisc der Anschauung 
betrachtet, dass Aneurinpyrophosphat in tierischen Geweben in zwei Formen vorkommt, 
als ,,permanentes'' und als ^^tem'por&res'' Aneurinpyrophosphat. 

5. Die Frage, ob die native Pyruvodehydrase ein dissoziiortes Enzym ist, wird 
besprochen und vorlaufig verneinend beantwortet. 

6. Wenn man beabsichtigt, den Aneurinpyrophosphatgehalt von Organen ver- 
schiedener Tierarten zu vergleichen, miissen die Tiere etwa zwei Tage nach der Ein- 
spritzung ciner hohen Dose An^^urin untersucht werden. 

1) S. Ochoa, R. A. Peters, Biochem. Jl. 82 , 1501 (1938). — la) H. G. K. Westenbrink, J. Goud- 
smit, Enzymol. 6, 807 (1938). — 2) F. Lipmann, Cold Spring Harbor Symposia 7, 248 (1939). — 3) 
F. Lipmann, Enzymol. 4 , 65 (1937). — 4) H. G. K. Westenbrink, A. F. Willebrands, Chr. E. Kam- 
minga, Enzymol. 9, 228 (1941). — 6) S. Ochoa, Biochem. Jl. 88, 1262 (1989). — 6) H. G. K. 
Westenbrink, J. Goudsmit, H. Veldman, Vitamino und Iloniione, 1 , 15 (1941). -- 7) H. G. K. 
Westenbrink, H. Veldman, D. A. van Dorp, M. Gruber, Enzymol. 9, 90 (1940). 
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Cber die Acylase der Mauseleber 

VON 


M. YOSHIOKA 

(Utzino- Labor, des Inst, fur chem. Forsch. an der Kms, Unw. Kyoto) 

(1.VL41.) 


Seit der Entdeckung des Enzyms durch 0. Schmibdbbbrg l) ist die Hisfcozymwirkung 
in verschiedenen Organen von Rind, Pferd, Schwein, Hund, Kaninchen und Huhn mehrfacb 
untersncht worden (Smorodinzbw 2), Tamitra^), Utzino*), Kimura®) und Akizuki®)), 
und besonders in den Verdauungadriisen von Schwein, Hund, Kaninchen und Huhn von Imai 7), 
UrziNO ®), Kawai ®), Itzioka ®). Nach der von E. Abdbrhaldbn l®) vorgeachlagenen Methode 
haben Utzino c.s, iiber die Verteilung und die Spezifitat der Acylasewirkung in den tieri- 
Bchen Organen erfolgreiche Untersuchungen vorgenommen. Unter dem benutzten Material 
erwies sich die Acylasewirkung der Sohweinsniere und -leber im allgemeinen als die starkste. In 
Portfuhrung des Studiums der Acylase der Mauseleber, auf deren starke Aktivitat schon Utzino 
und Verf. 12) hingewiesen hatten, wurden hier vergloichende Versuche mit den Organmacera- 
tionen der Katze, der Ratte oder des Meerschweinchens als Material angestellt. Bei der 
vergleichenden Beobachtung der Acylaseverteilung in verschiedenen Tierarten traten die 
Benzoyldiglycin- und Bonzoylglycinspaltung durch Mauseleber ini gleicheii oder in etwas 
fitarkerem Grad als die durch Schweinsleber auf, wahrend eino ahnlich starke Wirkung kaum in 
Lebermaceration der anderen Tiere festgestellt werden konnte; hier konnte man die Resultate 
von Kimura iiber Histozym bei den Versuchen mit Organen von Schwein, Hund, Kaninchen 
und Huhn bestatigen. Nur im langdauemden Digestat zeigte die Lebermaceration der Ratte 
oder des Huhns einen sehr kleinen Saurezuwachs. Die Wirkung der Mausenieren erwies sich auch 
als fast gleich stark wie diejenige der Schweinsniere. Die Nierenmaceration des Meerschwein- 
chens zeigte auch eine starke Aktivitat gegeniiber diesen beiden Substraten, diejenige der 
Ratte und des Huhns eine deutliche, aber sobwachere. Hier sei auch erwahnt, dass die Nieren- 
maceration der Katze und des Hundes deutlich Benzoylglycin angriff, doch fast nicht 
Benzoyldiglycin; in Hundeorganen erwies sich die Niere als das einzige histozymfiihrende 
Gewebe. Hier wurde weiter darauf aufmerksam gemacht, dass Mausemilz imstande war, nur 
Benzoyldiglycin anzugreifen, nicht aber Benzoylglycin, wie dies auch bei Rattenleber der Pall 
war. Im Hippursauredigestat durch Hodenmaceration der Mans, des Meerschweinchens und des 
Hundes wurde ein sehr schwacher Saurezuwachs bemerkt, im Benzoyldiglycindigestat durch 
Hunde- und Mausehoden aber nicht, Benzoylglycin und Benzoyldiglycin wurden starker durch 
Mausepankreas als durch Schweins- oder Hundepankreas angegriffen, wahrend Versuche mit 
Pankreasmaceration der Ratte, Katze, des Meerschweinchens oder des Kaninchens negativ 
ausfielen. In der Muskel-, Herzmuskel- oder Lungenmaoeration der zum Versuch benutzten 
Tiere wurde die Acylasewirkung vermisst. Nur Mause- und Schweinsherzmuskel zeigten eine 
minimale Aciditatszunahme, welche iimerhalb der Fehlergrenze schwankt. Es sei auch noch 
hervorgehoben, dass man aus dem Digestat mit 0,179 g Benzoylglycin (als Na-Salz) durch 
Leberpulver (0,8 g) der Mause bei ph 7,8 wahrend 72 Stunden 0,075 g Benzoesaure isolie- 
ren konnt , die bei 12F C schmolz, wahrend die Isolierung der Substanz aus dem Kontroll- 
digestat mit Hippursaure mittels erhitzten Leberpulvers negativ ausfiel. Im Hinblick auf die 
hydrolysierende Wirkung der Maceration von Mauseleber, -niere oder -pankreas auf Benzoyl- 
glycin und Benzoyldiglycin taucht nun infolgedessen eine neue Prage auf, wo die prim&re 
Angriffstelle des Enzyms auf das Benzoylglycylglycin liegt, die aber noch insofern unbeant- 
wortet bleibt, als dem Verf. die Treimung der Acyldipeptidase (Carboxypolypeptidase) 
Oder der Dipeptidacylase vom Histozym noch nicht einwandfrei gelungen ist, obwohlnurdie 
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Histozymwirkung (die Acylase im engeren Sinne) im Eluat aus dem Adsorbat an Tierkohle 
golrennt von der Benzoyldi^lycinspaltung gewonnen werden konnte. Untor Beriicksichtigung 
der ph-Werte trat die Benzoylglycinspaltnng am starksten bei ph 7,0 (odor im Boroich von 
ph 6,6 — 8,0) und die Bonzoyldiglycinspaltung auch boi ph 7,0 (odor ph 7,0 — 8,0) auf. Hier sei 
auch fernor orwahnt, dass Benzoyl dHoucylglycin dor Enzymwirkung widorstand, obenso 
wie Phtalyldiglycin, das weder duroh Kaninchonlobor noch durch Schwoinslobor angegriffen 
wurdo. Bonzoyl-dJ-^-phenylalanin wurde auch nicht gespaltoii. Chloracotybi-phenylalanin 
wurde doutlich durch Mausolobor boi ph 7,5 hydrolysiort, obonso durch Kaninchen- oder 
Hiihnerleber (Itzioka 13 u. dagogen Chloracotyl-dZ-jS-phenylalanin niir wenig. Es wurdo 
auch eino geringe NHg-N Zunahme ira lang dauernden Digestat mii d^-Broraisocapronyl-dJ-^* 
phonylalanin boobachtot. Nach dor Angabo von Itzioka 13) war Loborrnacoration des Kanin- 
chens oder di^s Huhns imstande, deutlich di-Bromisocapronylglycin zu spaUoii, das nur wenig 
durch Mauseleber angegriffen werden konnto, die jedoch dJ-Bromisocaproyldiglycin zu hydroly- 
gieren vermag. Auf Grund diesor Beobacht-ungen diirfte man wohl daraiif hinweisen, dass 
Bromisocaproylderivate noch widerstaiidsfahiger als Chloracetylderivate soin konnen, und unter 
den gloichen Derivateii dasjenige von Diglycin leichtor als das von Glycin hydrolysiert werden 
konnte. Das nicht in der Natur vorkommoiid3 )S-Phenylalanm.lerivat war resis tenter als das 
a-Pheiiylalanindorivat. Um die Histozymwirkung von dor Bonzoyldiglycinspaltung zu treimen, 
hat man Adsorptionsvorsucho mit Kieselgur, Kaolin und Tonordo ausgofuhrt, die aber 
nicht zu bfdriedigendon Ergebnissen fuhrton, obwohl man Tronnungsversucho boi verschiedenen 
ph-Wertengomaohthat. Durch Tierkohle wurdon die boidon Wirkungen der Benzoylglycin- und 
Bonzoyldiglycinspaltung adsorbiort, und im Eluat des Adsorbats mittels Ammoni .kwassers von 
ph 9,0 wurde nur die Bonzoylglycinspaltung festgostellt, nicht aber die Bonzoyldiglycin- 
spaltung. Nach dieser Bwbachtung diirfte man in guter Uberoinstiminung mit dor Angabe 
von Utzino und NakayamaI^), deneu os golang, die Bonzoylglycinspaltung von dor 
Bonzoyldiglycinspaltung durch Schweinsnioro nach dor Adsorptiousmetbode zu trennen, 
wohl von oinern 1 iFitersohied zvviso/heii diesmi boiden Enzyrnwirkiingon sprochon. 


Versachsteil. 

Enzjm. I Toil Organbrei (Schwein, Himd, KaiiiiKdiou, Katzn, Ratto, Mans und Huhn) wurde 
mit den 3fachon Volum-T.iilon Glycerin-WasHer (1 : J), das 0,03 % EssigsaurH enthalt, gut zerrieben, 
durch eiri foines Si h kolie^t und unter Toluolzusatz im Eisschrank aufbow^ahrt. 

Yersuchsansatz: 0,001 Mol Subairat wurde in 1 com n-NaOH (Plitalyldiglycin in 2 ccm) 
aufgenomrnen und mit Citratpuffer voii bestimmtem ph-Wert auf 20 ccm gebracht, um eine 0,05 molare 
Substratlosimg zu bereiten. Dicse Subs trat- Puff erlosung bat man unter Zusatz von 2 ccm Organ- 
mazeration und etwas Toluol bei 87® C digericrt. Nach einer gewissen Zoitdauer hat man die Aciditat 
in 4 ccm Digestat nach Souensbn oder den Aminostickstoff in 2 ccm nac-li Van Slyke beatimmt. 

Zur Kontrollfi wurde Enzym-Puff erlosung ohne Substrat unt er Toluol der Digestion imterworfen. 
Die Kontrollwerte hat man von denjenigen der Hauptversuche abgezogeu uiid diese korrigierten 
Werte als Zunahme der Aciditat oder des Aminostickstoffs in Tabolbin angegeben. 

Adsorptionsvertahreii. Nachdem die Enzymlosung mit verdimntom Ammoniak und Essig- 
saure auf das doppelte Volum gebracht wordon war, wurde das ph auf 4,4, 5.8, 7,2 oder 8.4 
eingestellt. Unter Zusatz von iSeselgur (5 %), Tierkohle (5 %), Kaolin (2 %) oder Tonerde (als 
Al*Oj 0,1 %) wurde die Enzymlosung gut geschuttelt und — B Slunden bei Zimmertemperatur (ca. 
15® C) stehen gelassen. Das Adsorptionsgemisch wurde in der Zontrifugo abgeschleudert und die obore 
Flussigkeitsschicht als Adsorptionsrestlosung auf ihre Acylase- Aktivitat gepriift. Der zentrifugierte 
Ruckstand der Adsorption an Tierkohle wurde bei ph 5,8 mit Ammoniakwasser von ph 9,0 auf 
das A^angsvolumen gebracht, gut geschuttelt (30 Mm.) und wieder abzentrifugiert um die Eluat- 
aktivitat zu bestimmen. 
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TABELLE I. 


Spaltung des Benzoylglycins durch Organmacerationen der verschiedenen 

Tierarten bei ph 7,8. 



Zeit 

(Std.) 

Aciditaiszunahme in 4 

com Digestionslosung (com 

0,1 n-NaOH) 

Organe 

■ 

Ratte 

Meer- 

schwein- 

chen 

Katze 

Kanin> 

chen 

Huhn 




24 


0 

0 

0,02 

0 


0,05 

0,45 

Leber 

72 

1,32 

0,08 

0,02 

0,02 

0 


0,05 

1,32 


120 

1,52 

0,17 

0,12 

0,02 

0,08 


0,11 

1,35 


24 


■PI 

0,23 


0,07 

0,08 

■QjIIII 

1,00 

Niere 

72 

1,39 

■PI 

0,54 


0,07 

0,18 


1,40 


120 

1,67 

wm 

0,93 


0,18 

0,29 

ngll 

1,40 


24 

0,20 

0 

0 

0 

0,02 



0,04 

0 

Pankreas 

72 

0,70 

0 


0 

0,02 

— 

0,05 

0,10 


120 

0,85 

0 


0 

0,05 


0,11 

0,24 


24 

0,05 

0 

0 

0 

0 

0 

0,05 

0 

Muskel 

72 

0,05 

0 


0 

0 

0 

0,05 

0 


120 

0,05 

0 

0,02 

0 

0 

0 

0,17 

0 


24 

0 

0 

0 

0 

0 

m 

0,03 

mSm 

Herz 

72 

0,10 

0 

0 

0 

0 


0,06 

BsS 


120 

0,15 

0 

0 

0 

0 


0,06 



24 

0 

0 

0,03 

0 

0 

0 

0 

0 

Lunge 

72 

0,02 

0 

0,05 

0 

0 

0 

0 

0 

120 

0,08 

0 

0,05 

0 

0 

0,05 

0 

0 


24 

0,03 

0,03 

0 

0 

0 

0,02 

0 

0,05 

Milz 

72 

0,04 

0,05 

0 

0 

0,01 

0,05 

0,03 

0,10 


120 

0,04 

0,05 

0 

0 

0,02 

0,05 

0,11 

0,17 


24 

■■ 

0 

0,05 

0,02 

0 

0 


0 

Hoden 

72 

BSlH 

0 

0,10 

0,11 

0 

0,05 


0 


120 


0 

0,17 

0,12 

0 

0,08 


0 


TABELLE II. 


Spaltung des Berizoylglycylglyoins durch Organmacerationen der verschiedenen 

Tierarten bei ph 7,3. 


Organe 

Zeit 

(Std.) 

Acidilatszimahme in 4 

t ccm Digestionslosung (ccm 0,1 n-NaOH) 



Meer- 

schwein- 

chen 

Katze 

Kanin- 

chen 

Huhn 

Hund 

Schwein 


24 

0,50 

HH 

0 

0,02 

0 

0,05 

0,08 

0,63 

Leber 

1 72 

1,85 

KjuH 

0,03 

0,02 

0,06 

0,11 

0,13 

1,62 


120 

2,65 


0,10 

0,02 

0,13 

0,18 

0,13 

2,15 


24 

0,49 

0 

0,59 

0 

0,05 

0,21 



Niere 

72 

1,65 

0,12 

1,31 

0,08 

0,05 

0,30 

0,10 



120 

2,42 

0,67 

1,90 

0,16 

0,08 

0,44 

0,18 



24 

0,25 

0 

0 

0 

0,02 



hRR|?|||||h 

0 

Pankreas 

72 

0,60 

0 

0,02 

0 

0,05 

— 


0,17 


120 

1,17 

0 

0,09 

0 

0,05 

““ 

nn 

0,38 
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TABELLE II (Fortsetzung). 


Acidiiaiszunahme in 4 cciii DigcJStioriBloHung (ccm 0,1 n-NaOH) 


Organe 

Zeit 

(Sid.) 

Maun 

Ratto 

Mjor- 

schwein- 

chf»ii 

Katze 

Kanin- 

1 Huhn 

Ifund 

Sohweiii 


24 



0 

I 

0 

0 

0 


Muskcl 

72 



0 

1 0 

0 

0 


' 0,02 


120 



0,02 

0 

0 

0 


0,02 


24 

0 

0 

0 

(» 

0 

! 0,02 

0,05 

0,00 

Herz 

72 

0,10 

0,03 

0 

0 

0 

0,03 

0,00 

0,12 


120 

0,15 

0,05 

0 

0 

0 

0,05 

0,00. 

D.l.S 


24 

0 

0 

0,03 

0 

0 

0 

0 

0 

Lunge 

72 

0,01 

0 

0,05 

0 

0 

0,05 

0 

0 


120 

0,14 

0 

0,05 

0 

0 

0,07 

0 

0,0ii 


24 

0,10 

0,05 

0 

0 

0 

0,00 

0 

0 

Milz 

72 

0,14 

0,05 

0 

0 

0,02 

0,05 

0,04 

0,07 


120 

0,24 

0,05 

0 

0 


0,05 

0,11 

0,07 


24 

0,02 

0 

0,05 

0 

0 

0 

0 

0,02 

Hoden 

72 

o,o:j 

0 

0,10 

0 

0 

0,08 

0,01 

o,oc 


120 

(),0d 

0 

0.17 1 

0 

0 

0.10 

0,03 

0,00 


TABEl.LK 111. 

Wirkung dcr Maiineiober maceration aui Acy 1 aiiiuioHauren uiui -di|ieptide 

verHchiedeneu pli-Wer t eii. 




Aeidituln/iUiiahirv lu 4 

<*ciii Digehi ionsloHUiig 






tfcjii 0,1 

n-NaOll) 



Subntrat 

Zeit 








(Std.) 

pi. 



5,0 

0,0 

0,5 

7,0 

7,6 

8,0 

9,0 

( 

24 

0 

0,33 

0,61 

0,78 

0,58 

0,57 

0,54 

lienzoylglycin. ... . . < 

72 

0,05 

1,08 

1,40 

1,53 

1,40 

1,38 

1,37 

120 

0,04 

1,08 

1,68 

1,65 

1,60 

1,57 

1,34 

( 

24 



0 

0 

0 

0 

0 

0 

Benzoyl-dLPhenylalaiiin (fi) . . . < 

72 

— 

0 

0 

0 

0 

0 

—0,03 

120 

— 

0 

0 

0 

0 

0 

—0,03 

( 

24 

0,20 

0,34 

0,53 

0,75 

0,68 

0,62 

0,62 

Benzoylglycylglycin < 

72 

0,38 

0,63 

1,40 

1,75 

1,45 

1,45 

1,43 

120 

0,53 

1,08 

2,05 

2,35 

2,15 

2,10 

1,92 

( 

24 

■ 

0,03 

0,04 

0,02 

0,01 

—0,05 

0 

Phtalyldiglycin < 

72 

— 

0,02 

0,06 

0,05 

0,01 

0 

0 

120 

— 

0,11 

0,10 

0,07 

0,01 

0,05 

—0,03 

( 

24 



0 

0,04 

0,03 

—0,08 

—0,01 


Benzoyl-dMeucylglycin < 

72 

— 

0 

0,00 

0,03 

—0,10 

—0,01 


120 


0 

0,14 

0,03 

—0,05 

— 0,01 
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TABELLE IV. 

Wirkung der M&uselebermaceration auf Halogenacylaminos&ureu und -dipeptid 

bei verschiedenen ph-Werten. 


Substrat 

Zeit 

(Std.) 

NKo-N Zimabm ‘ in 2 com Dig >«itions]58ung 

nn 

5.0 «,0 6,6 7,0 7,6 8,0 

Chloracetyl-Z-a-phenylalanin | 

24 

72 

120 

— — — — 0,648 — 

— — — 1,163 — 

— — — — 1,210 — 

ChloracetyLd2>j8-phenylalanin . . . | 

24 

72 

120 

0,018 0,018 0,066 0,067 0,017 0,016 

0,039 0,033 0,030 0,204 0,204 0,164 

0,040 0,046 0,084 0,269 0,305 0,180 

Bromisocapronylglycin | 

24 

72 

120 

0,005 0,005 0,038 0,039 0,038 0 

0,006 0,010 0,027 0,024 0,043 0 

0,005 0,005 0,048 0,044 0,049 0,016 

Bromisocapronyl-dl-p-phenyl- S 

alanin i 

24 

72 

120 

— — — — 0,166 — 

Bromisocapronyldiglycin | 

24 

72 

120 

— — — — 0,465 -- 

— — — 0,746 — 

— — — 0,746 


TABELLE V. 

Wirkung der AdBorptions-Restlosung der Mauselebermaceration auf Benzoyl- 

glycin und -diglycin bei ph 7,3. 


Adsorption 
bei ph 

Adsorbent 

Aciditatszunahme iri 4 corn Digestionslosung 
(ocm 0,1 n-NaOH) 

24 Std. 

72 Sid. 

1 120 Sid. 

Berjsoyl- 

glycin 

Benzoyl- 

diglycin 

Benzoyl- 

glyciii 

Benzoyl- 

diglycin 

Benzoyl- 

glycin 

Benzoyl- 

diglycin 

■■ 

Nicht adsorbiert . . . 

0,26 

0,37 


1,32 


2,07 


6 % Kieselgur 

0,23 

0,33 


0,95 


1,68 


5 % Tierkohle 

0,07 

0,36 

0,82 

1,30 


1,95 


2 % Kaolin 



0,68 

0,80 


1,66 

■1 

Tonerde (0,1 % AlaOg) 



0,70 

0,75 

H|3i 

1,48 


Nicht adsorbiert .... 

0,40 

■RIRIII 

0,90 

1,16 

1,18 

2,00 


5 % Kieselgur 

0,16 

0,23 

0,52 

0,80 

0,74 

1,60 

5,8 

5 % Tierkohle 

0 


0,03 

0,08 

0,08 

0,10 


2 % Kaolin 

0,28 


0,77 

0,70 

0,92 

1,42 


Tontrde (0,1% AlgOa) 

0,15 

0,12 

0,48 

0,62 

0,63 

1,22 


Nicht adsorbiert .... 


0,35 

1,55 

1,66 

1,65 

2,35 


5 % Kieselgur 

0,98 

0,33 

1,63 

1,47 

1,63 

2,15 

7^2 

5 % Tijrkohle 

0,75 

0,30 

1,60 

1,50 

1,56 

2,35 


2 % Kaolin 

0,95 

0,30 

1,60 

1,33 

1,50 

2,06 


Tonerde (0,1 % AlaOg) 

0,95 

0,30 

1,50 

1,40 

1,50 

2,15 


Nicht adorbiert .... 

1,08 

0,33 

1,45^ 

1,40 

1,60 

2,10 


5 % Kieselgur 

0,93 

0,30 

1,43 

1,35 

1,48 

2,05 

8,4 

5 % Tierkohle 

1,00 

0,3v, 

1,40 

1,40 

1,40 

2,04 


! 2 % Kaolin 

0,95 

0,30 

1,42 

1,30 

1,45 

2,02 


Tonerde (0,1% AljOa) 

0,82 

0,30 

1,40 

1,35 

1,42 

2,05 
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TABELLB VI. 

Trennung der Benzoylglycinspaltung von der Benzoyldiglyoinspaltung. 
Die Tierkohleadsorption wurde bei ph 6,8 unter den gleichen Bedingimgen wie in 
Tabelle V ausgeftihrt. Elnierung mit Ammoniakwasser von ph 9,0. 


Substrat 

Zeit 

(Std.) 

Aciditatszunahme in 4 com Digestions- 
losung (com 0,1 n-NaOH), ph 7,3 

Restlosung 

Eluat 
(ph 9,0) 

Nicht 

adsorbiert 

Benzoylglycin 
ph 7,S 

24 

72 

120 

0 

0,03 

0,03 

0,10 

0,45 

1,20 

0,50 

1,23 

1,45 

Benzoylglycylglycin 
ph 7,3 

24 

72 

120 

0 

0,03 

0,03 

0 

0,05 I 

0,05 

0,37 

1,33 

2,02 

Glyoylglycin 
ph 7,3 

3 

8 

24 

0,20 

0,30 

0,70 

0 i 

0,05 

0,05 

0,40 

0,75 

1,12 

Gelatin 

24 

0,15 

0 

0,55 

(1 %) 

72 

0,22 

0 

0,62 

ph 4,5 

120 

0,30 

0 

0,70 

Casein 

24 

0 



0,50 

(1 %) 

72 

0,20 

— 

0,70 

ph 4,5 

120 

0,45 


0,90 


Zusanunenlassimg. 

1. In der vorliegenden Arbeit wurde die Enzymvrerbreitung der Benzoylglycin- 
und Benzoyldiglyoinspaltung in Organen von Schwein, Hund, Kaninchen, Katze, 
Meerschweinchen, Eatte, Maus und Huhn studiert, und es ergab sich, da s die Wirkung 
der Mauseleber und -niere und di(^S(.r beiden Schweinsorgane d.e starkste war. Hier 
ist auch besonders hervorzuheben, dass Mausepankreas unter den anderen gepriif ten Pan- 
kreasmacerationeneineausgepragte Aktivitatgegenuberdiesen beiden Substraten zeigte. 

2. Die Mause'ebermaceration vermag Benzoylglycin (bei ph 6,5 — 8,0) und Ben- 
zoyldiglycin (bei ph 7,0 — 8,0) gleich Oder starker als Schweins'eber anzugreifen, wah- 
rend Benzoyl-dMeucylglycin, Benzoyl-dZ-yS-Phenylalanin und Phtalyldiglycm der Wir- 
kung der Mauseleber widerstanden. 

3. Chloracetyl-Z-a-Phenylalanin (bei ph 7,5) wurde leichter als Chloracetyl-dZ-yS- 
phenylalanin durch Mauseleber hydrolysiert, ebenso wie dZ-Bromisocapronyldiglycin; 
dZ-Bromisocapronylglycin wurde aber nur wenig angegriffen. 

4. An Tierkohle (5 %) bei ph 5,8 wurden die beiden Enzymwirkungen der 
Benzoylglycin- und Benzoyldiglycin palt ing adsorbiert und in der Eestldsung vermisst, 
in der aber Proteinase (Kathepsin) und Dipeptidase noch erhalten bleiben. Im Eluat 
mit Ammoniakwasser (ph 9,0) hat man nur die Spaltung des Benzoylglycins fest- 
gestellt, aber nicht die des Benzoyldiglycins. 

Zum Schluss sei iiiir gestattet, Herrn Prof. Dr. K. Ogiu und Herm Prof. Dr. S. Utzino fiir 
die gUtige Uberlassung des Themas und die vielseiiigo Unterstutzung bei der Durchfulirung dieser 
Untersuchmig meinen verbindlichsten Dank auszusprechen. 
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1) 0. Sohmiedeberg, Arch. fUr exp. Path, li, 882 (1881). 2) I. A. Smorodinzew, Zs. physiol. 

Chem. 124, 128 (1923). — 3) S. Tamura, Acta Scholae Med. Univ., Kioto S, 467 (1924). — 4) S. Utzino, 
Jl. of Biochem. 9, 453, 465, 483 (1928). — 5) H. Kiinura, ibid. 10, 207 (1928/29). — 6) H. Akizuki, 
ibid, 25, 43 (1937). — 7) T. Imai, Zs. physiol. Chem. 186, 205 (1924). — 8) T. Kawai, Jl. of Biochem. 
10, 277 (1928/29). — 9) P, Itzioka, ibid, 24, 189, 267 (1936). — 10) E. Abderhalden c.8., Perment- 
forsch. 10, 748 (1929), 12, 228 (1981). — 11) S. Utzino c.s., Jl. of Biochem. 26, 489, 449, 477, 483 
(1987). — 12) S. Utzino, M. Yoshioka, Ka^u-Kenkyusho Kooenshuu 10, 153 (1939). — 13) P. 
Itzioka, ibid. 7, 224 (1936). — 14) S. Utzino, M. Nakayama, Enzymol. 8, 280 (1940). 

Dm Kultusministerium, das uns durch Gewahrimg von Kagakukenkyu-Hi die Durch- 
fulirung dieser Versuche sehr erleichtert hat, sei an dieser Stelle herzlichst gedankt. 

Prof. S. Utzino. 
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The secretion of proteolytic enzymes 

into the duodenum of the cat after secretin injections 

BY 

G. Ageen 

{Tiiochem. Dep., KaroUnska Inst., Stockholm). 

(5.IIL41.) 


As previously reported (Agren^)), the pancreatic juice collected in man after 
intravenous injections of secretin contains large amounts of carboxypolypeptidase 
and trypsin. Aminopoly peptidase and dipeptidase were not, it appeared, regularly 
in evidence. The traces of activity might in some instances have been due to a slight 
contamination with intestinal juice. It is a well-known fact that glycerol extracts of the 
pancreas contain large amounts of all three peptidases. On the other hand, after secretin 
stimulation only carboxypolypeptidase seemed to be regularly secreted from the 
gland. This might be explained in several ways. The secretion of aminopolypeptidas(» 
and dipeptidase in the pancreas may be caused by vagus stimulation or the peptidases 
from the pancreas may be intracellular enzymes, the dipeptidases and aminopolypop- 
tidases in the digestive juice as collected being secretions from the intestinal glands. 
The present paper demonstrates one way of secreting aminopolypeptidase and dipep- 
tidase into the duodenum from intestinal glands. 

In the very process of finding a method of standardizing secretin it was noted that in- 
jections of secretin were followed by a flow of mucous juic>e from the upper part of the duodenum 
(Aguen and Wilander^)). In order to prevent a contamination of the pancreatic juice with 
the duodenal secretion they were absorbed separately by filter paper. The connection between 
the injections of secretin and the duodenal secretion and its chemical and enzymatical pro- 
perties was not subjected to any close examination. In 1934 Aoren^) showed that injections 
of crystallized secretin did not stimulate any secretion of proteolytic enzymes from the jejunal 
and ileal parts of the intestine, Earjier, positive results had been obtained by other authors 
with impure secretin products. Later Nasset proved that the hormon in cretin regulates this 
secretion. Florey and Harding 5) studied the secretion of juice obtained from duodenal 
fistulas of animals when starved or given meat. They also tested the effect of Mellanby’s 
^purified” secretin and recorded a small increase of the volume of the juice secreted from the 
upper part of the duodenum. The proteolytic enzymes in the juice were not investigated more 
closely. Experience having confirmed (Hammarsten c.s.® )) that Mellanby^s purified secretin was 
an impure product, the results obtained with this preparation had to be regarded with some 
caution. Agren and Hammarsten 7) found that about 10 amino acids could be split off from 
crystallized secretin without any loss in hormonal activity. The experiment was performed 
with a trypsin-free aminopolypeptidase prepared from the distal part of the pylorus and the proxi- 
mal part of the duodenum (Agren 8)). The great amounts of peptidases found in the pyloric- 
and duodenal mucosa necessitated a closer investigation of the influence of secretin as a 
possible stimulant in connection with the secretion of these enzymes into the duodenum. 

Experimental methods. Cats of about 3 kilogrammes’ weight were starved for 24 hours for the 
purpose of the experiments. The animals were anaesthetized by intramuscular injections of urethane 
(1.6 g per of body weight). The incision in the duodenum took place just above the entry of the 
bile- and pancreatic ducts, the opening being about 1 cm proximal and distal to Papilla Vateri. The 
common bile duct was ligated and dried filter paper was placed in the distal part of the pylorus in order to 
preclude any contamination by gastric secretion. The right Vena saphena was laid bare and the cat 
tied up on its right side, thus Sicilitating the collection of the duodenal secretion by intermittent 
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suction with a pipette, the pancreatic juice being separately collected by filter paper. The segment 
of proximal duodenum thus left for collection of juice varied in length between 1 and 2 cm. In some 
preliminary experiments impure secretin preparations were used. The experiments reported in this 
paper were pe^ormed with secretin ohlonde prepared from crystallized secretin picrolonate (Ham- 
MARSTBN c.s. ®)). Some preparations made in 1984 (Agren 3)) remained just as active as newly pre- 
pared crystallized secretin. 

The enzjrme determinations of the duodenal juice were carried out immediately. A 30 per cent 
loss of activity was noted when tests had been left for 24 hours at 0® C. The pancreatic juice was tho- 
roughly extracted from the filter paper by means of water and the solution rapidly concencraced 
in vacuum at 16® C. to a small volume. In the course of special experiments with different enzyme 
solutions, prepared from the pancreatic gland and the duodenal mucosa, it was found that the enzymes 
could be extracted from the filter paper without any loss of activity. The enzyme determinations were 
made on fractions of juices collected during periods of one hour. The mioromethods of Lindbrstrom- 
Lang and Holter9) were used, the substrates being a 0.2 mol. solution of alanyl-glyc> 1-glycine 
(ph 7.4) in the determinations of aminopolypeptidase, a 0.2 mol. solution of alanyl-glycine (ph 7.4) 
in the determinations of dipeptidase, a 0.2 mol. solution of chloracetyl-tyrosin (ph 7.4) and a 4% 
solution of casein (ph. 7.8) in the determinations of tryptic activity. The bicarbonate determinations 
were performed by adding an excess of n/100 HCl and then titration with n/100 NaOH , using the Kjbl- 
BAHL indicator. The volume of pancreatic juice was calculated from the titration figures, the mean 
value of the bicarbonate concentration being 100 m. eqv. at maximal stimulation (0.1 mg of secretin 
every 16 minutes). 

Results. 

Usually the duodenal mucosa remained quite dry before secretin injections in spite of 
observation times lasting as long as 2 hours. After the secretin injections a juice could be col- 
lected. This was viscous and could be attenuated into long strings. The fraction collected during 
the fiist half hour of stimulation contained some debris as a rule, but the later fractions were clear. 
1 per cent acetic acid added to the juice produced a slight haze but no true precipitation follow- 
ed. Similar results were obtained with 6 per cent acetic acid. 

The bicarbonate concentration of the duodenal secretion was not as high as in the pancreatic 
juice, where it corresponded to the rate of secretion and reached values of about 100 m. eqv. 
At maximal stimulation the bicarbonate concentration of the duodenal juice varied between 
60 and 70 m. eqv. The ph measurements with the glass-electrode yielded values varying between 
8.9 and 9.2 Experiments were made with a view to observing whether the appearance of a se- 
cretion from the duodenal mucosa after secretin injection coincided with the entry of the pan- 
creatic secretion into the duodenum. It was found that recognisable secretions appeared within 
8 minutes from the pancreas as well as from the duodenal mucosa. The variations in reaction 
times usually ran parallel. The rate of secretion of the duodenal juice was constant on the whole. 
A typical experiment m given in table I. 


TABLE I. 

Hate of duodenal secretion during secretin stimulation. 


Time 

Amount of secretin 
injected in mg. | 

Amount of juice 
in cc. 

Oh — 2h 

0 

0 

2h_ 8h 

4 X 0.1 

1.8 

8h — 4h 

4 X 0.1 

2.0 

4h_6h 

4 X 0.1 

1.9 

6h — 6h 

0 

no collection 

6h — 7h 

0 

0.1 

8h — 9h 

4 X 0.1 

2.0 
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The total volume of duodenal juice which could be collected, necessarily varied according to 
the distance between the distal end of the pylorus and the Papilla Vateri, The length of this distance 
determined the size of the surface from which the juice could be collected without any conta- 
mination with pancreatic juice. In the cats used this length varied between 1 and 2 cm. Calcu- 
lated per cm loop of intestine about 1 cc of juice was collected in 1 hour during maximal stimu- 
lation. In the same length of time about 6 — 8 cc of pancreatic juice were obtained. 

Enzyme analyses were carried out on duodenal and pancreatic juices collected simulta- 
neously after secretin stimulation. A typical result is given in table II. 


TABLE II. 

The tryptic and peptidase activities per cmm of duodenal and pancreatic juice 

determined at 40° and 30 min. 


Sample 

t 

Volume 
in cc 

Time of 
collection 

Aminopolypep- 
tidase activi- 
ty in cmm 
n/20 HCl 

Dipeptidase 
activity in 
cmm n/20 
HCl 

Carboxypoly- 
peptidase ac- 
tivity in cmm 
n/20 HCl 

Tryptic 
activity 
in cmm n/20 
CHjCOONH^ 

Duodena] 

juice 

2.0 

Oh _ ]h 

2.3 

0.08 

0.006 

0 

Duodenal 

juice 

m 

Ih — 2h 

2.3 

0.07 

0 

0.08 

Pancreatic 

juice 

6.9 

Oh — Ih 

0.03 

0 

0.25 


Pancreatic 

juice 


Ih — 2h 

0.04 

0 




Discussion. 

It is obvious that injections of crystalline secretin provoke an abundant secretion of a 
thick mucoid-like character from the upper part of the duodenum. The volume of juice collected 
from this part of the intestine usually approaches 1/8 — 1/6 of the pancreatic juice simulta- 
neously collected. From experiments lasting 5 hours and more it is evident that the rate 
of the duodenal secretion is rather constant while the pancreatic secretion appears more easily 
exhaustible. The enzymatical analysis of the proteolytic enzymes in pancreatic- and duodenal 
juice clearly reveals the different ways in which these enzymes are secreted into the duodenum 
during stimulation with secretin: carhoxypolypeptidase and trypsin with the pancreatic juice, 
aminopolypeptidase and dipeptidase with the duodenal secretion. The total amounts of amino- 
polypeptidase and tryptic activity simultaneously secreted into the duodenum during 1 hour of 
maximal stimulation are of equal size. This fact demonstrates the physiological significance of 
the secretin effect on the duodenal secretion in the cat. Experimental evidence from fractionated 
digestion of proteins seems to verify the favourable effects of trypsin and aminopolypeptidase, 
successively, by splitting off amino acids. An extirpation of a greater part of the proximal 
duodenal mucosa may in some cases counteract this favourable effect. 

The chemical properties of the duodenal juice here recorded also support the view that 
this secretion may protect the mucosa from damage by the acid gastric juice because of its 
mucoid-like consistence and fairly strong alkaline reaction. The mucilaginous character of the 
juice may also explain why peptidases are only traceable in the juice collected in man. The size 
of the holes in the duodenal tube does not permit a complete suction of this sticky juice. The fact 
that one of the antipernicious factors is formed in this part of the alimentary canal should be 
recorded. The possible presence of this particular factor in the duodenal secretion will form the 
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subject of an investigation. Preliminary experiments seem to show that secretin also stimulates 
the pyloric mucosa to a secretion with chemical and enzymatical properties similar to those 
found in the duodenal juice. 

Summary. 

Intravenous injections of crystallized secretin stimulate a secretion of an alkaline 
viscous juice from the upper part of the duodenum. This secretion contains considerable 
amounts of aminopolypeptidase and also dipeptidase. 

Zusammenfassung. 

Intravenose Injektion von kristallisiertem Sekretin bewirkt die Sekretion eines al- 
kaliscben Saftes aus dem oberen Teil des Duodenum. Dieses Sekret enthalt erhebliche 
Mengen von Aminopolypeptidase und auch Dipeptidase. 

1) G. Agren, Jl. of Phys. 94, 653 (1989). — 2) G. Agren, 0. Wilander, Bioch. Zs. 250, 489 (1932). 
— 3) G. Agren, Skand. Arch. Phys. 69, 1 (1934). — 4) H. W. Florey, H. E. Harding, Jl. of Path. 
Bact. 89, 255 (1934). — 6) id. id., Quart. Jl. Exp. Phys. 25. 329 (1985). — 6) E. Hammarsten, G. Agren, 
H. Hammarsten, O. Wilander, Bioch. Zs. 264, 276 (1933). — 7) G. Agren, E. Hammarsten, Jl. of 
Phys. 90, 330 (1987). — 8) G. Agren, Zs. physiol. Chem. 246, 280 (1937). — 9) K. Linderstrem-Lang, 
H. Holter, Zs. physiol. Chem. 214, 233 (1931); 280, 9 (1933). 
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Die zwei Hauptsysteme der Atmung im 
Warm bliiter ge webe 

VON 

F. L. BEEU8CH 

/. hioL u. med. Chemie der Univ. Istanbul, Turlcei) 

Mit H Figimii. 

(17.111.41.) 


Die vorliegeiide Arbeit beliaiidelt die Frage der Hauptwc'gi* d(‘s Wasserstoff- 
traiisports von den Kohb'hydraten iind ihren anaeroben Uinv’andlungsprodukten 
als Wassersioffdonaioren zn den (’ytochrornen, resp. ziun Sauerstoff in der Atmung 
der Warmblutergewebe. 

Sio ist in folgende Abschnitte verteilt: 

1. Die Systeme des Wasserstoff transports vom Coenzyni I ziim Sauerstoff. 

2. Malicodehydrogenase und lleduktion der Oxalessigsaure. 

3. Die zwei Hauptsysteme des Wasserstoff transports. 

4. Dor postmortale Atiniiiigsabfall der einzelnen Gewebe. 

5. Die postmortale Inaktivierungskurve der Oxalessigsiiurereduktion. 

6. Die Steuerung der Atmung durch Calcium. 

7. Dio Steuerung der Atmung durch Phosphat. 

8. Oxalessigsaurereduktiou und Citronensaurebildung. 

9. Pharmakologie des Systems II. 

10. Die Wasserstoffdonatoren der lleduktion der Oxalossigsaun*. 

11. Diskussion, 

12. Die Wechselregel. 

1 . Die Systeme WasserstoH'tninsports vom Coeiizym 1 ziim Sauerstoff. 

Alle Organe der Warmbluter atmen liber Succinodehydrogenase (Breusch 1937 ; Elliot und 
Greio 1937). Alle Organe eiithalten das Cytochrom-Cytochromoxydasesystem, wie in den bei- 
den genannten Arbeiten gezeigt wurde. Die bei der Dehydrierung der Bernsteinsaure gebildote 
Fumarsaure wird durch die Hydrofonn des gelben Fermentes zu Bernsteinsaure rehydriert 
(Fischer und Eysenbach 1937; Laki 1937). Das gelbe Ferment ubornimmt seinerseits Wasser- 
stoff von der Hydroform des Coeiizyms I (Warburg 1936; Euler, Adler, Hellstrom 1935). 

Ein zwei ter Weg des Wasserstoff transports fuhrt von Hydrocoenzym I uber Diaphorase I 
und wahrscheinlich iiber Cytochrom a und b zur Cytochromoxydase und zum Sauerstoff. 
(Zusammenfassimg: Dixon 1989). 

Coenzym I (in der Hydrofonn) ist der Ausgangspunkt ftir die zwei bis jetzt bekannten 
hauptsachliohon Systeme des Wasserstoff transports im Wannbliitergewobe. Zur Feststellung 
des quantitative!! Verhaltnisses der beiden konkurrierenden Transport wege in den einzelnen 
Organen habe ich die Malonathemraung der Atmung der einzelnen Gewebe iintersucht, da nur 
der Wasserstoff transport uber die Succinodehydrogenase durch Malonat zu etwa 90% 
gehemmt wird, nioht der iiber Diaphorase. 

In der ersten Tabelle habe ich in der zweiten Kubrik die Atmungshemmung durch m/10 
Malonat angegeben; in der dritten Kubrik habe ich die Restatmung in ^1 O 2 angegeben, die 
pro Gramm und Stunde nach Abzug der Malonathemmung iibrig bleibt. Diese Restatmung 
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ist in Anbetracht des Umstandes, dass sie ak Differenz aus Werten mit bis 25% Streuung 
errechnet ist, flzr die meisten Gewebe auffallend konstant; sie liegt etwa um 200 /xl pro G 
Feuchtgewebe und Stunde. Diese Eestatmung muss zum grossen Teil den Weg vom Hydroco 
enzym I liber Diaphorase I zur Cytoohromoxydase gehen, da diese Eestatmung zu 50 — 80% 
blausaureempfindlich ist. 

Der nicht blausaureempfindliche, quantitativ in der Warmbliiteratmung unbedeutende 
Eest diirfte liber o-Chinone vom Hydrocoenzym I direkt zum Sauerstoff flihren. 

Tatsaohlich ist der Diaphorasegehalt der einzelnen Gewebe nach Euler und Hassb (1938) 
und Euler und Gunther (1938) , innerhalb von Variationsgrenzen von etwa 200% flir alle 
Organe derselbe, wahrend der Suocinodehydrogenasegehalt der Organe um mehr als 1000% 
variiert. Wie sich aus dem Vergleich der friiheren Arbeiten von Breusch (1937) und Elliot u, 
Greig (1937) mit den Werten der Eubrik II der Tabelle ergibt, laufen die Werte des Suocinode- 
hydrogenasegehaltes und der Malonathemmung etwa parallel. 

Methodik: 0,2 — 0,4 g frischer Gewebebrei im WARBUROapparat in 2 ml Eingerphosphat ohne 
Calcium mit Luft bei 38® geschlittelt; mol/10 neutr. Malonsiiure. Hemmung angegeben in % gegen 
die malonatfreie Kontrolle zwischen der 30sten und SOsten Minute (zur Beriicksichtigung der germgen 
Diffusionsgeschwindigkeit der Malonsaure). Die Malonathemmungen in EiNOBRbicarbonat sind um 
etwa 1/3 geringer. Katzenplaoenta zeigt bei Wiederholungen manchmal gar keine Malonathemmung. 


Organ 

Hem- 

mung 

Eest- 

atmung 

Organ 

Hem- 

mung 

Eest- 

atmung 

Muskel 

Katze 

80% 

260 

Lunge Katze 

10% 

225 

Muskel 

Taube 

80% 

300 

Milz Katze 

50% 

160 

Herz 

ICatze 

90% 

200 

Placenta Katze 

45% 

190 

Magen 

Taube 

90% 

90 

Hoden Meerschwein . . 

/Q 

60% 

210 

Niere 

Katze 

85% 

210 

Embryomuskel Katze. . 

80% 

90 

Leber 

Katze 

70% 

400 

Embryoleber Katze. . 

60% 

300 

Him 

Katze 

20% 

800 

Embryolunge Katze. . 

60% 

180 

Pancreas 

Katze 

30% 

i 180 





Der Wert dieser Tabelle wird dadurch etwas eingeschrankt, dass nicht nur die Dehydrierung 
der Bemsteinsaure zu Pumarsaure, sondern auch die Hydrierung der Oxalessigsaure (die der 
Malonsaure steriscb sehr nahe steht) zu J-Apfelsaure duroh Malonsaure zu etwa 50% gehemmt 
wird. Die Malonathemmung gibt also quantitativ richtige Werte nur flir die Organe, die nicht 
liber das System Oxalessigsaure^ I- Apfelsaure atmen (Lunge, Milz, Hoden, Placenta, Nerven, 
Tumor- und Embryonalgewebe; Breusch 1939). Die Malonathemmung fur Muskel, Niere, 
Leber, Pancreas ist hoher als dem wirklichen aktiven Transport liber die Succinodehydrogeuase 
entsprioht. Die einzige Ausnahme dieser Tabelle ist das Hirn, das eine sehr geringe Atmungs- 
hemmung durch Malonat zeigt, also einen geringen Succinodehydrogenasegehalt besitzt, was mit 
den Ergebnissen von Breusch (1937) und von Elliot und Greig (1937) in Einklang steht, die 
spater von Banga, Ochoa und Peters (1939) und von Greig und Munro (1939) bestatigt wurden. 

Vom Hydrocoenzym I flihren 3 Systeme zum Sauerstoff. Das erste ist ein noch nicht genau 
bekanntes, nicht HCN-empfindliches System; das zweite flihrt liber Diaphorase I zu don Cyto- 
chromen a und b und zur Cytochromoxydase. Das dritte System ist der Weg vom Hydroco- 
enzym I liber gelbes Ferment-Bernsteinsaure-Cytochrom c zur Cytochromoxydase. Dieses letzte 
System ist der eigentliche Trager der Differenzen der Atmungsgrossen der Organe; es zeigt von 
alien drei Wegen die grosste Variationsbreite und variiert in den einzelnen Organen bis 1000%. 

2. Malieodohydrogenase und Oxalessigsaurereduklion. 

In einer vorhergehenden Arbeit (Breusch 1939) konnte ich zeigen, dass der von Szent- 
Gyorgyi c.s. (1935) als ein Hauptweg des Wasserstofftransports von den Hg-Donatoren zu Og 
aufgezeigte Schritt Oxalessigsaure-?- Apfelsaure nur in einigen Geweben (Muskel, Leber, Niere, 
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Pancreas, graue Hirnsubstanz) beniitzt wird, nicht dagegen im Wasserstofftransport in Lunge, 
Milz, Placenta, Parotis und Nerven; schon friiher war durch Szbnt-Gyoroyi (1933) gezeigt 
worden, dass auch Tumor- und Embryonalgewebe diesen Schritt nicht beniitzen. 

Da es scheint, dass dieser Unterschied im Wasserstofftransport einer grundsatzlichen 
Zweiteilung in zwei verschieden atmendeii Arten von Geweben entspricht, habe ioh untersucht, 
ob der umgekehrte Schritt, die Oxydation der l-Apfelsaure zu Oxalessigsaure, ebenfalls diese 
Einteilung in zwei Arten von Geweben zeigt, so dass die Gewebe, die Oxalessigsaure zu 
Z-Apfelsaure reduzieren, auch ebensogut i-Apfelsaure zu Oxalessigsaure oxydieren, wie das fur 
die Funktion des Hg-Transports notig ist, wahrend die andere Gruppo der die Oxalessigsaure 
nicht reduzierenden Gewebe auch Z- Apfelsiiure nicht oder nicht wesentlich oxydiert. Ich habe 
deshalb die quantitativen Verhaltnisse der Malicodehydrogenase und zum Vergleich der 
Oxalacetatreduktion in don einzelnen Geweben naher untersucht. 

Wie erwartet, zeigt es sich, dass alle Gewebe, die unfahig sind, Oxalessigsaure zu reduzieren, 
auch niir eine sehr schwache Fahigkeit haben, Z-Apfelsaure zu oxydieren; jedoch ist oine 
geringe Menge Malicodehydrogenase in alien Geweben vorhanden, was zeigt, dass die C 4 -Dicar- 
bonsauren nicht nur als Wasserstofftransportsysteme fungieren, sondorn zu einem kleineren 
Teil auch Durchgangssubstanzen der Verbrennung sind. Eine Ausnahme machen die embryo- 
nalen Gewebe, die bei sehr geringer Fahigkeit, Oxalessigsaure zu reduzieren, eine betrachtliche 
Fahigkeit haben, Z-Apfelsaure zu Oxalessigsaure zu oxydieren. 

Als Methodik des Abfangens der aus Z-Apfelsaure gebildeten Oxalessigsaure habe ich nach 
Vorversuchen iiber das Optimum der Ausbeute folgende verwendet: Je 4 g frischer, mit der Latapib- 
muhle gemahlener Gewebebrei wurde in 6 ml Eiswasser -|- 10 mg neutralisierter AsgOg 5 min bei 
Zimmertemperatur inkubiert, dann 30 mg neutralisierter Fumar-Z-Apfelsaure (1 : 3) in 0,6 ml HgO, 
40 mg Hydrazinchlorhydrat in 2 ml HjO imd 1 ml einer gesattigten NaHCOs L()sung zugegeben 
und 20 min bei 37° energisch in 100 ml ERLENMEYERkolbchen geschiittelt (aerob). Dann wurde mit 
Wolframat und Schwefelsaure enteiweisst und nach Straub (Szent-Gyoroyi u.a. 1935) die gebildete 
Oxalessigsaure kolorimetrisch bestimmt. Daraus wurde auf die Oxalessigsauresynthese pro Gramm 
und Stunde umgerechnet. 

Der Arsenzusatz bewirkt in der Atmung aller Gewebe in Bicarbonatlosung eine geringere 
Hemmung als in Phosphatlosung, da in Phosphatlosung, wie ich im Abschnitt 6 zeige, ein hoherer 
Prozentsatz der Atmung fiber die Reduktion der Oxalessigsaure lauft als in Bicarbonatlosung. Die 
Og- Aufnahme ist in alien Geweben mit Arsenzusatz 40 — 60% geringer als in den Bicarbonatkontrollen 
ohne Arsenzusatz. Fumar-Apfelsaiire erhoht in alien Fallen in den arsenhaltigen Versuohen die 
Atmung (gemessen 30 min nach Beginn) auf 70 — 90% der urspriinglichen Kontrollatmung; ein Zeichen, 
dass die Hg-Transportsysteme zwischen Malicodehydrogenase und Og durch AsgOg praktisch nicht 
wesentlich gehemmt werden. 

Fiir die Bestimmung der maximalen Reduktion der Oxalessigsaure wurden je 5 g Gewebe in 
10 ml RiNGERphosphat (ohne Calcium) 10 min bei 38° mit 100 mg neutralisierter Oxalessigsaure in 
10 ml Wasser inkubiert, die gebildete Z-Apfelsaure polarimetrisch bestimmt und als Fumar-Z-Apfel- 
saure auf 1 g und eine Stunde umgerechnet. Ein Uberschuss von Oxalessigsaure ist bei dieser Re- 
duktion imschadlich (im Gegensatz zur Oxydation der Z-Apfelsaure, die durch Oxalessigsaure gehemmt 
wird; Green und Brosteaux 1936). 

In der untenstehenden Tabelle zeigt die zweite Reihe die durchschnittliche Og-Aufnahmo von 
1 g Gewebe pro Stunde (Durchsclmitt von je 4 — 5 Versuchstieren im Winter), gemessen im 
WARBURGapparat an jo 0,2 — 0, 4g Gewebebrei in 2 ml RiNGERphosphat ohne Calcium bei 37° zwischen 
0 und 20 min. Die angegebene Atmung ist also nicht die Maximalatmung, wie man sie durch 
Extrapolation der Atmungsabfallkurven auf die Todeszeit erhalt, sondern die Atmung, die als 
Vergleich zur Atmung unter den angewendeten Versuchsbedingungen notig war. 

Die dritte Reiho gibt die Menge der von 1 g Feuchtgewebe pro Stunde reduzierten Fumar-Z- 
Apfelsaure in fjd an. Die vierte Reihe gibt an, wieviel % der Atmung des betreffenden Gewebes von 
dieser Reduktion getragen worden sein kann' (8 mg Oxalessigsaure = 1 mg Og == 700 /xl Og). 

Die funfte Reihe gibt in jjlI an, wieviel Oxalessigsaure von 1 g Feuchtgewebe in 1 Stunde aus 
Z-Apfelsaure gebildet wurde; die sechste gibt an, wieviel % der Atmung des betreffenden Gewebes 
von der Oxydation der Z-Apfelsaure getragen worden sein koimen. 

Die gefundenen Worte sind, wenigstens in der 5ten und 6ten Reihe, nicht Maxiinalwerte, 
da sie unter unphysiologischen Bedingungen gefunden wurden (Hydrazin, As 203 -Anwesen- 
heit, hypotonische Losungen zur Sprengung der Zellen zwecks rascher Diffusion). Sie sind 
trotzdem, obwohl sicher zu niedrig, schon so hoch, dass sie den gross ten Teil der Atmung der 
betreffenden Gewebe zu tragen imstande sind. 
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Organ 

Atmung 
pro g und 
Stunde 

Oxalessigsaure 
reduziert zu h 
Apfelsaure 

% 

der 

Atmung 

Z-Apfelsaure 
oxydiert zu 
Oxalessigsaure 

% 

der 

Atmung 

Katzenniuskol 

1300 al 

1575 ul 

100 

260 ul 

20 

Taubenmuskel 

1900 „ 

2100 „ 

100 

700 „ 

40 

Katzenberz 

1700 „ 

1150 „ 

70 

700 „ 

40 

TauberunngenniUH 


1315 „ 

100 

1925 „ 

100 

Katzennien^ 

1450 „ 

1750 „ 

100 

1575 „ 

100 

Katzenleber 

2000 „ 

1315 „ 

05 

1315 „ 

05 

Katzeripanoreas 

000 „ 

525 

85 

262 „ 

45 

Katzenhirn, gosanit .... 

1100 ., 

' 175 „ 

15 

350 „ 

30 

Katzenlungo 

250 ixl 

0 

0 

70 ul 


Katzenniilz 

320 „ 

0 

0 

53 „ 

— 

Katzenpiiroiis 

590 „ 

0 

0 

35 „ 

— 

Katzennt.‘rv ppripli 

280 

0 

0 

35 „ 

— 

Katzenplaoenia 

350 „ 

0 

0 

70 „ 

— 

Meerschweiii-hoden .... 

540 „ 

0 

0 

106 

— 

Katzcnernbryi^muskel . . 

450 ul 

0 

0 

525 ^1 

[ 

Katzenembryoleber .... 

750 „ 

435 

00 

:i50 „ 

45 

Katzenemt)ryolunge .... | 

300 „ 

0 

0 

2(>H 

— 


Die in Keihe 4 und 6 gefundenen W<5rte zeigeii, dass praktisch in den Organen, die Oxalessig- 
saure iiberhaupt reduzieren, der grosste Teil der Atmung, in einigen sogar die ganze Atmung 
von dem Wasserstofftransportsystem der reversiblen Umwandlung Oxalessig8aure:<± l-Apfel- 
sanre getragen werden kann. Eine Ausnahme niacht das Him, das eine geringe Keduktion der 
Oxalessigsaure zeigt. Das kann jedooh auf eine friihe Zerstorung der Coenzyme, wie sie post- 
mortal im Him eintritt (Jowett und Quastel 1933), zuruckzufiihren sein. 

Wie sich schon bei der Succinodehydrase zeigte, ist ganz allgemein die Atmung des Hirns 
iiber das C 4 -Dicarbonsauresystem geringer als in Muskel, Leber und Niere. 

Alle Gewebe, die Oxalessigsaure nicht reduzieren, besitzen auoh nur ein zehntel bis ein 
dreissigstel der Malicodehydrogenase der ersten Gruppe. Embryonalgewebe stehon zwischen 
beiden Gruppen; sie reduzieren keine Oxalessigsaure, aber oxydiereri i-Apfelsaure fast so stark 
wie erwachsenes Gewebe. Katzenembryoleber verhalt sich wie erwachsenes Gewebe; sie oxydiert 
l-Apfelsaure und reduziert Oxalessigsaure. 

Beim Vergleich der Atmungsgrdsson der beiden Gewebegruppen zeigt sich folgendes: Alle 
Organe, die Oxalessigsaure reduzieren, haben unter den gewahlten Versuchsbedingungen 
Atmungsgrossen von 1000 — 2000 /nl Og pro g und Stunde (mit Ausnahme des Pancreas, dessen 
Atmung als Brei durch autolytische Selbstzerstorung wahrscheiidich vor Beginn der Messung 
rasch absinkt). Alle Organe, die Oxalessigsaure nicht reduzieren, zeigen Atmungsgrossen von 
250 bis 600 /xl pro g und Stunde, etwa ein viertel der ersten Gruppe. 

3. Die zwei Hauptsysteme des Wasserstolftransports. 

Es gibt unter den Warmblii ter organen (Katze und Taube) zwei Arten von Gewe- 
ben, die sich in ihrem Atmungsmechanismus grundsatzlich von einander unterscheiden. 

Eine Gruppe, Muskel, Niere, Leber, Pancreas, graue Hirnsubstanz, die ihren Wasserstoff 
grossenteils durch Oxalessigsaure ubernehmen und ihn iiber Malicodehydrogenase an Coenzym I 
weitergeben, von wo er iiber die beiden Systeme: 1. gelbes Ferment-Sucoinodehydrase- 
Cytoohrom c und 2. Diaphorase-Cytoohrom, zum WAiiBuiiGSchen Atmungsferment und zum 
Og transportiert wird. Ein kleinerer Teil des Wasserstoffs der Hg-Donatoren wird bei diesem 
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System direkt durch Coenzym I iibernommen, da sie auch nach Aussohaltung das Oxalessig- 
sauresystems noch etwa 10—20% ihrer Maximalatmung (die Hauptatmung Battellis imd 
Sterns) beibehalten. 

Eine zweite Gruppe, Lunge, Milz, Hoden, Placenta, Parotis, poripherer Nerv, Tumorge- 
webe und (teilweise) Embryonalgewebe, ubernimmt ihren Wasserstoff nur iiber Coenzym I und 
befordert ihn, wie im ersten System, iiber die beiden Wege Succinodehydrase und Diaphorase 
zum Sauerstoff ohne das System Oxalessigsaure-Z-Apfelsaure zu lieniitzon. 

Folgendes Schema zeigt diese Unterschiede: 


SYSTEM I 






Diaphorase ^Coenzym I ■< 

/ j/ 

-^Cytochrome gelbes Ferment 

Succinodehydrase 

Lunge, Milz, Nerv, Hoden, Tumor, Embryo, Parotis 


I- Apf elsaure Oxalessigsaure 

|_SYSTEM II 1 

Muskel, Niere, Leber, Pancreas, Him. 


Ich nenne in der folgenden Arbeit den Wasserstoff transport von Coenz 3 rm I zu Og System I; 
den Wasserstoff transport iiber Oxalessigsaure-l-Apfelsaure zu Coenzym System II. 


4. Der Atmiuigsabfall der einzelnen Gewebe. 

Schon von Battelli und Stern (1911) ist festgestellt worden, dass alle von ihnen untor- 
suchten Organo als Brei, sowohl in KiNOBRlosung, als auch in Serum, einen Atmungsabfall 
zeigen, dass die Atmung abor nach etwa ein bis zwei Stunden in eino zeitlich stabile Buheat- 
mung iibergeht. Sie untersoheiden, ohne Kenntnis der Einzidsysterae, z's\ei Atmungssysteme, 
ein hoohlabiles, das nach dem Tode rasch inaktiv wird, und ein stabiles, das lange Zeit uberlebt. 

Ich kann diesen Befund erklaren. Alle Organe, die nebi ri dem Grundsystem I noch zusatz- 
lich iiber das System Oxalessigsaure^ Z- Apf elsaure atmen (System Ily, zeigen in calciumfreier 
EiNGERphosphatldsung in der erston Stunde einen raschen Atmungsabfall (Figur 1); alle Organe, 
die nur iiber das System I allein atmen, bleiben unter dii»seii Bedingungen in der ersten Stunde 
in ihrem Sauerstoffverbrauch konstant (Figur 2). 

Der ausgepragte Unterschied im Atmungsabfall der beiden Systemgruppen (wie aus den 
Kurvenbildern ersichtlich) ist nur in calciumfreier BiNOERlosung so klar, da sowohl Abnahrne 
des Calciums wie Zunahme des Phosphats die Oxalessigsaurereduktion wesentlich fordert (siehe 
Absohnitt 6 und 7). Die Kurven sind im Winter aufgenommen (Stalltemperaturen von — 5” — 
+10° C); im Sommer bei Stalltemperaturen von 20 — 30° C sind alle Kurven flachei; ebenso 
sind in KiNOER-Bicarbonat-Glucoselosung nach Warburg die Kurven flacher; in dieser Losung 
zeigen wegen des Glucosezusatzes auch die Organe des Systems I etwas hohere Anfangswerte 
des Sauerstoffverbrauchs und leicht abfallende Atmungskurven. 

Das schnell zerstorbaro Atmungssystem Battbllis und Sterns ist identisch mit dem 
Wasserstoff transportsystem Oxalessigsaure :^± Z-Apfelsaure (System II), von dem ich zeigen 
konnte (Breusoh 1939 und Abschnitt 6 dieser Arbeit), dass es nach dem Tode am raschesten, 
praktisoh bereits in einer Stunde, inaktiviort wird. Das konstanto Grundatmungssystem ist 
identisch mit System L 

Methodik: Alle Messungen wurden im WARBURGapimrat ausgefuhrt; je 0,2 — 0,4 g Gewebebrei, 
sofort nach dem Tode in der LATAPiEmiilile gemahlen, in RiNGERphosphat ohne Calcium, 2 ml, 
Fiillung Luft, 88°. Alle Angaben in ul Og-Verbrauch })ro Stunde und g Feuchtgewebe. Als RinctER- 
phosphat wurde (nur) in diesem Fall zur Heraushebung der Gegensatze zwischen den beiden 
Atmungssystemen eine hChere Phosphatkonzentration verwendet. Die Losung hatte folgende 
Zusammensetzung: lOOTeile 0,9% NaCl,4 Teile 1,15% KCl, 1 Teil 8,8% MgS 04 ^d 20 Teile einer 
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2000 

1800 « 

1600 _ 

1400 ^ 

1200 . 

1000 - 

800 - 

600 ^ 

400 - 




Minuten 

Fig. 2. 

Katzenlunge. 

Katzenmilz. 

Meerschweinplacenta. 

— . — Katzennerv. 

— I — I — I — Katzenparotis. 

-h 4 ■ + -r + Meerschweinhoden. 


200 


- » - 1 > - I I I 

10 20 30 40 50 60 


mit konz. HCl auf Lackmus neutralisierten 10%igen 
Na 2 HP 04 l 2 H^O Losung. Die Losung war also in Bezug 
auf Phosphat hypertonisoh (siehe Abschnitt 8). 

Die in der restlichen Arbeit verwendete Rinobk- 
phosphatldsung entsprach den Zahlen von Banga und 
Szent-Gy6rgyi (1937; Seite 114 unten). 


6. Die postmortale Inaktivierungskurve der 
Oxalessigsdurereduktion. 

Wie ich schon in einer friiheren Arbeit zeigte 
(Brbusoh 1939; bes. S. 1768) verliert das Enzyni, 
durch das Oxalessigsaure hydriert wird, in der Niere 
bereits eine Stunde naoh dem Tode seine Wirksamkeit 
fast ganz. Wie man aus der Figur 3 sieht, zeigen 
auch alle anderen Organe des Atmungssystems II dieselbe Erscheinung. Muskel, Niere, Leber 
und Pancreas zeigen praktisch identisohe postmortale Inaktivierungskurven. Dies ist ein 
Hinweis darauf, dass die Inaktivierung nioht das Ergebnis eines proteolytischen Zerfalls ist, 
da der Proteasengebalt verschiedener Organe wesentlich verschieden ist (Krebs 1981). 

Die Inaktivierungskurven der Fabigkeit, Oxalessigsaure zu reduzieren, gehen den At- 
mungsabfallkurven der Organe des Systems I+II parallel. (Siehe die Kurven des Abschnitts 4). 
D( r Atmungsabfall dieser Gewebe ist, wie hiermit wahrscheinlich gemacht ist, der Inaktivierung 
des Systems II zuzusohreiben. Inaktiviert wird dabei nur das Euzym, das Wasserstoff auf 
Oxalessigsaure ubertiSgt; nicht das andere am System II beteiligte Enzym, die Malioodehydro- 
genase, deren Inaktivierung etwa 20 bis 80 mal langsamer verlauft. 

Das Enzym,das Wasserstoff auf Oxalessigsaure als Glied des Hauptwegs 
des Wasserstofftransports iibertragt, ist das hochstlabile bisher im Stoff- 
wechsel bekannte; und damit das limitierende Glied aller in vitro Versuohe 
dber Gewebeatmung. 

Alle Versuche, die bisher iiber Gewebeatmung an Organbrei oder Schnitten spater als 
80 — 60 Minuten naoh dem Tode des Tieres gemacht sind, erfassen praktisch nur die Beaktionen 
des Systems I. 


Minuten 

Fig. 1. 

Katzenmuskel. 

Taubenmagen. 

Katzenleber. 

+ + 4* 4- + Katzenhim. 

— . — Katzenniere. 

— I — I — I — Taubenmuskel. 
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Die Inaktivierung ist nicht einer friihzeitigen Erschopfung des Wasserstoffdonatoren- 
systems zuzuschreiben, da auch bei gleiohzeitigem Zusatz von Hexosediphosphat und von 
EoBisoNester (den bisher bekannten hauptsachlichen Wasserstoffdonatoren zur Hydrierung 
der Oxalessigsaure), die Abfallkurve dieselbe ist. 

Die postmortale Abfallkurve der Oxalessigsaurehydrierung ist weder durch Insulin (chemisch 
rein; Zn-frei),noch durch Adrenalin, Histamin, Thyroxin, Acetylcholin, Coenzym I, Coenzym II, 
Muskel- und Hefeadenylsaure, Glutathion, Cystein, Vitamin Bj, Vitamin Bg, noch durch Kalium, 
Natrium, Magnesium, auch nicht in hoher Uberdosierung zu beeinflussen. Ebensu ist es gleich- 
giiltig, ob man das Gewebe anaerob oder unter reinem Sauerstoff schiittelt. Calcium beschleunigt 
den Abfall (siehe Abschnitt 6); Phosphat erhoht die Keduktionsfahigkeit durch erleichterto 
Postung der Zuckerphophorsauren als Hg-Donatoren, ohne die Abfallkurve zu andern (Ab- 
schnitt 7). Prinzipiell sind sie Abfallkurven dieselben, ob man in EixcERphosphat oder in 
KiNGERbicarbonatlosung arbeitet. 

Der postmortale Inaktivierungsabfall 
der Oxalessigsaurehydrierung erfolgt bei 
nicht zerkleinertem Muskel, Leber und 
Nierenstlicken beim Aufbewahren bei 37° 
etwa mit der halben Geschwindigkeit, 
wie beim Gewebebrei. Die Erhaltung der 
Hydrierungskapazitat der Oxalessigsaure 
ist also zu wesentlichen Teilen an die 
Erhaltung der Struktur gebunden, was 
dieses Enzym nach einer von Warburg 
(1914) gefundenen Kegel gegen Narkotika 
und Phannaka besonders empfindlich 
inacht, so dass hier der spezifische An- 
griffspunkt einiger Phannaka liegt, wie 
ioh in Abschnitt 9 zeige. Der Unter- 
schied in den Abfallkurven von Ge- 
webebrei und Gewebeschitten ist der 
Grund, warum Gewebeschitto im War- 
BUROapparat langer und gleichmassiger 
atmen als Gewebebrei. 

Methodik: JeGgfrischer Gewebebrei mit 14 ml KiNGERphosphatlosung 3, 30, 60 und 90 Minuten 
bei 38® aerob geschiittelt, dann 80 mgneutralisierte Oxalessigsaure in 5 ml KiNGERlosung ohne Calcium 
zugegeben, genau 5 Minuten weitergeBchiittelt, dann enieiweisst und auf l-Apfelsaure untersucht. 
In Kontrollversuchen eine eventuell durch Glykogenhydrolyse entstandene Drehung kompeusiert. 

6. Die Steiiorung der Atmuiig durch Calcium. 

Die Eeduktion der Oxalessigsaure durch die Wasserstoffdonatoren des Systems II wird 
spezifisch durch Calciumionen gehemmt, wie zuerst Grevillb (1939) qualitativ foststellte. 
Schon durch die physiologische Konzentration des Serumcalciums (10 mg%, davon etwa 5 mg% 
ionisiert und dialysabel) wird die Koduktion zu 40% gegeniiber der Keduktionsfahigkeit des 
gleichen Gewebes in calciumfreier KiNOKRlosung gehemmt. Eine Erhohung des ionisiorten Cal- 
ciums auf 10 mg% hemmt die Keduktion der Oxalessigsaure und damit das System II zu 80%, 
wahrend, wie ich spater zeige, das System I durch Calcium gar nicht beruhrt wird. 

Bedingungen: 5 g frischer Taubenmuskelbrei -f- 20 ml KiNGBRphosphat ohne Calcium -f- 0, 1, 
2, 3 mg Calcium als Calciumchlorid 5 min. aerob bei 37° geschuttelt, dann 80 mg neutralisierte OxaL 
essigsaure in 5 ml Wasser zugegeben, weitere 5 min. aerob bei 38® geschuttelt, dann enteiweisst und 
auf i-Apfelsaure analysiert. In der Kechnung wurde der Calciumgehalt des Muskels selbst vemach- 
lassigt, da er nur ca. 0,2 mg betragt. Die Fig. 4 gibt den Calciumgehalt in ing%“der KiNGERlosung, 

Praktisch identische Kurven erhalte ich mit Leber, Niere, Herz- und Skelettmuskel der 
Katze. In Leber und Niere, die durch Spuren freier Fettsauren etwas Calcium inaktivieren, sind 
die Kurven um 2 — 3 mg% nach oben versohoben. 
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Dass auoh in vivo die Steuerungder zufiMzliohen Atmung des Systems II durch Calcium 
erfolgt, lasst sioh aus zahlreichen bisher unerklarten Befunden ableiten, die damit ihre £r« 
klarung finden. 

Thunberg (1909) fand als erster, dass die Muskelatmung schon durch physiologische Kon- 
zentrationen von Calcium in der normalen RiNOKBlosung stark gehemmt wird. Warburg (1910) 

fand, dass Weglassen von Calcium aus der Nahrflussig- 
keit die Atmung von Seeigeleiern urn 500% erhoht. 
Starkenstein (1914) fand, dass intravenose Injektion 
calciumfallender Subsianzen die Korpertemperatur erhoht 
(durch Erniedrigung des Calciumspiegels im Serum die 
zusatzliche Atmung des Systems Ilaktiviert). Goreczky 
und v. Ludany (1938) fanden experimentell, dass nach 
Injektion von Calciumchlorid, d.h. nach Erhohung des 
Serumcalciums von 12,4 mg % auf 13,5 mg %, der Og ver- 
brauch um 15% zuriiokging (also durch Erhohung des 
mg % Calcium Seruincalciums die zusatzliche Atmung des Systems II 

Fig, 4. herabgedruckt wurde). In zahlreichen Arbeiten (E. Frank, 

1921; Salvesen, 1923; Behhendt, 1924) ist die Ent- 
deckung von Me Callum ilnd Voegtlin (1909) bestatigt, dass bei Tetanie, also Cbcrarbeit 
des ]\fuskels, der Serum calciumgohalt verrnindert ist (durch Verminderung des Serumcalciums 
eine Steigerung des Systems II eintritt). 

Leichbr (1922) findet bei Basedow, ebenso nach Thyreoideirigaben (also bei abnormaler Er- 
hohung der Verbrennungen) vermindertes Calcium; bei Myxodem (also bei gegen die Norm ver- 
mindertem Stoffwechsel) erhdhtes Serumoalciuni. Lipschitz (1936) findet beim Kaninchen 
nach intravenoser Injektion von 0,2 g/kg Calciumchlorid eine sofortigo Hypothermie von 0,5° C. 

Der Befund Thunbergs liber die Erniedrigung der Muskelatmung durch Calcium wurde 
durch Meyerhof (1919), Holk (1934), sowie Krebs und Eggleston (1938) bestatigt. Die letz- 
teren Autoren fanden, dass im 30 Minuten-Versuch nur Gewebebrei,nicht Schnitte, den Calcium- 
effekt zeigen. Ich fiihre das auf die zu geringe Diffusionsgeschwindigkeit fiir die dicken Schnitte 
zuriick, fiir die nur eine ausreichende Diffusionsgeschwindigkeit des Sauerstoffs, nicht aber 
fiir grossere Molekiile und Jonen erwdesen ist; in vivo bestehen bei den nur 0,001 mm auseiu- 
anderliegenden Blutkapillaren ganz andere Diffusionsmoglichkeiten als bei 0,5 mm dicken 
Schnitten. Wie ich nachher zeige, erfolgt bei den Organen, bei denen die Zellen wegen ihrer 
langen Form bei der Zerkleinerung in der LATAPiEmiihle sicher alle geoffnet werden (Muskeln), 
der Atmungsabfall nach Zusatz von Calcium viel rascher, als bei den Organen, wie Leber und 
Niere, deren runde Zellen in der Latapib nur zu einem geringen Prozentsatz geoffnet werden. 
Dickens und Greville (1935) finden auch an Gehirnschnitton eine Erhohung der Atmung in 
calciumfreier RiNOERlosung gegemiber calciumhaltiger. 

Wenn das Atmungssystem II durch Calcium gesteuert wird, dann muss es moglich sein, 
in den Organen, die liber die Systeme I und II atmen (Muskel, Leber, Niere, Pancreas, Him), 
die Atmung II durch Caloiumzusatz spezifisch zu unterdriicken und bei Calciuinzusatz, nach 
einer Diffusionsperiode, die Gesamtatmung auf die ziemlich konstante Grundatmung des 
Systems I herabzusetzen, wie bei den Organen, die nur nach System I atmen (Lunge, Milz, 
Hoden, Placenta, Parotis, Tumoren). 

Bei den Organen, die nur nach System I atmen, darf der Zusatz von Calcium keine Herab- 
setzung des Stoffwechsels ergeben. 

Bedingungen: Je 0,2 — 0,4 g frischer Gewebebrei in RiNOERbicarbonat (ohne Ca) und Zugaben 
entsprechender Mengen Ca als CaCl 2 ; Atmung im WARBURoapparat; 38°; Luftfiillung. 

Tatsachlich zeigen alle Organe des Systems I + II als Brei schon bei 10 mg % Calcium in 
der RiNGERlosung eine emiedrigte rasch abfallende und dann praktisch konstante Grund- 
atmung (der anfangliche langsame Abfall ist auf die langsame Diffusion des Calciums zuruck- 
zufiihren). Alle Organe des Systems I + II werden durch Calcium stark gehemmt, ihre Atmung 
auf System I reduziert; alle Organe des Systems I bleiben durch 15 mg % Calcium in der Ringer- 
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Abscisse: Minuten; Ordinaten: /ilOg pro g Feuchtgowebp/St. 

Alle Atmungskurven sind in RiNGER-Glukoselosung (ohne Calcium) nacli Warburg an friscliem 
Gewebebrei durchgefiilirt. Die oberste Kurve ist die ohne Calciumzusatz; die darunterhegende 
ist mit soviel Calcium, als 5 mg % entsprioht; die darunterliegende entspricht 10 mg % Ca; die 
nachste 15 mg % Ca; die nachste 20 mg % Ca. 


losung in ihrem Sauerstoffverbrauch ungeandert gegeniiber Kontrollen olme Calcium. Calcium 
hat also auf System I in physiologischen Konzentrationen kemeii Einfluss; das Calcium be- 
einflusst selektiv nur System II. 

Aus der Grosse der Atmungsdifferenz der Organe des Systems I + II, ihrer Anfangsat- 
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mung ohne Calcium und ihrer Atmung nach einer Stunde mit Calcium (der Grundatmung des 
Systems I) lasst sich die maximale Atmungsfahigkeit des Systems 11 in % der Gesamtatmung 
imgefahr ausdruoken. Die Werte schwanken bei Wiederholungen um 10 bis 15%. Da ich ge- 
funden babe, dass m/500 Phloridzin (neben der Phosphorylierungshemmung der Hexosemono- 
phosphorsaure) selektiv das System II zu etwa 60% hemmt, und zwar sowohl die Oxydation der 
i-Apfelsaure wie die Eeduktion der Oxalessigskure, babe in der untenstehendon Tabelle nocb die 
Hemmung der Gewebeatmung der einzelnen Organe in EiNOERpbospbatlosung obne Calcium, 
gemessen im WABBUBoapparat, angegeben. 

Die erste Zablenreibe gibt die Atmung pro g Peucbtgewebeund Stunde, aus der Atmungs- 
kurve auf die Todeszeit extrapoliert; die zweite Zablenreibe gibt die Atmung nacb einer Stunde 
in EiNGERlosung mit 20 mg % Calcium. 


Organ 

1 


Differenz 

Atmung 

des 

Syst. II 

Pbloridzin 

hemmung 

% 

Taubenmuskel 

5000 


4500 

90% 

50 % 

Katzenmuskel 

1250 


850 

70% 

60% 

Katzenherz 

2000 


1600 

80% 

60% 

Niere 

1500 


1150 

80% 

70% 

Katzenhim 

i 

1600 

Mm 

1100 

70% 

30% 

Katzenmilz 

400 

380 

20 


6 % 

Katzenlunge 

320 

220 

100 

— 

10% 

Katzenplacenta 

640 

240 

400 

— 

25% 

Katzenparotis 

620 

600 

20 

— 

5% 

Meerschweinhoden 

560 

360 

200 


10% 


Die Differenz zwiscben der Grundatmung und der Maximalatmung betragt in alien unter- 
sucbten Geweben des Systems I + II ©twa 70 — ^80%; das beisst, der Organismus ist durcb sebr 
geiinge Anderungen des ionisierten Calciums imstande, Atmungssteigerungen bis 400% der 
betreffenden Organe zu erzielon, genau so wie es Warburg (1910) zuerst an Seeigeleiem ent- 
deckte. Das gilt nur fur den Fall, dass die Eeduktion der Oxalessigsaure der limitierende Faktor 
des Stoffwecbsels ist, dass also Hg Donatoren des Systems II und die notigen Hg Acceptoren 
zum Weitertransport im Uberscbuss zur Verfiigung steben. Die Pbloridzinbemmung ist in diesen 
Organen von derselben Grossenordnung wie der (rob) errecbnete Anted des Systems 11; die 
Pbloridzinbemmung ist etwas niedriger, da Pbloridzin das System II nur etwa 60% bemmt. 

Ganz anders verbalten sicb die Organe des Systems I. Sie zeigen zwiscben Zablenreiben 
1 und 2 nur sebr geringe IJnterscbiede, die zudem nicbt durcb Calciumbemmung bervorgerufen 
sind; entsprecbend ist die Hemmbarkeit ibrer Atmung durcb m/500 Pbloridzin meist an der 
Naobweisgrenze. Da sie (praktiscb) nicbt durcb Pbloridzin gebemmt werden (das System 11 
spezifiscb vergiftet), ist zusammen mit dem eindeutigen Verbalten der ebenfalls fiir System II 
spezif iscben Calciumbemmung ein neuer Beweis fur die Existenz zweier Atmungsgruppen gegeben. 

Da sicb die Gesamtatmung und damit die Warmeproduktion des Korpers durcb sebr geringe 
Verscbiebungen des Calciumspiegels stark verandern lassen, vermutete icb, dass der Organismus 
von dieser Mbglicbkeit Gebraucb macbt, um bei sebr emiedrigter Aussentemperatur (beim 
Frieren) durcb Emiedrigung des Calciumspiegels erbobte Warmeproduktion zu erzielen, oder 
durcb Erbobung des Calciumspiegels bei bober Aussentemperatur die eigene Warmeproduktion 
abzudrosseln. Das ist jedocb nicbt der Fall (bei Katzen und Meerscbweincben). Icb babe zu 
diesem Zweck Katzen und Meerscbweincben nacb Kablrasieren des Felles je 4 Stunden bei 4’’, 
20^ und 88^ gebalten und stOndbcb sowobl das Serumcalcium als aucb das dialysable Serum- 
calcium (nacb BaS 04 f£lllung des gebundenen) als aucb Magnesium und Pbospbor des Serums, 
auBserdem die Eeduktionsfabigkeit der Muskebi fur Oxalessigsaure untersucbt. In alien Fallen, 
bei mebrfacben Wiederholungen, blieben alle Werte konstant. 
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4® 

20° • 

38° 

Serumcalcium, gesamt 

„ „ , ionisiert 

Serummagnesium 

Serumphosphor 

Aus Oxalessigsaure gebildete Z-Apfelsaure pro 
g Muskel und Stunde 

9,8 mg % 

3.1 

6,0 1 
5,7 

15 mg 

9.7 mg % 

3.8 

1 5,2 

1 5,6 

16 mg 

9.9 mg % 

3,5 

6,4 

5.9 

15 mg 


Das System II hat als Atmungsreservesystem nichts mit der chemischen Warmeregulation 
zu tun; weder das Calcium, noch das Magnesium, noch der Phosphor dos Serums sind daran be- 
toiligt. Diese Versuche sagen nichts dariiber aus, wieweit in den Geweben selbst eine Verschie- 
bung zwischen gebundenem und dialysablem Calcium eintritt. Dass auch im Rahmen des 
MBYERHOF-EMBDEN-PARNASschen Systems das Calcium eine Rolle spielt, zeigen Versuche 
von Hollmann (1989). 

7. Beeintlussung der Wasserstofftransportsysteme I und 11 dureh Phosphat. 

Phosphationen erhohen im Skelettmuskel innerhalb der physiologischen Variationsgrenzen 
die Kapazitat des Wasserstofftransportsystems Oxalessigsaure^ l-Apfelsaure wesentlich. Ich 
habe deshalb die Phosphatabhan- 
gigkeit der Oxalessigsaurereduktion 
fiir alle Organe des Systems I + II 
untersucht. 

Bedingungen: 6 g frischer Or- 
ganbrei in 15 ml BiNGERbicarbonat 
(ohne Calcium und Phosphat) und 
steigende Mengen neutrales Natrium- 
phosphat in 2 ml, dazu 80 mg neu- 
tralisierte Oxalessigsaure in 3 ml 
Ringer 5 Minuten bei 38® aerqb ge- 
Bohiittelt, enteiweisst und auf Z-Apfel- 
saure untersucht. Angaben: Ordi- 
nate: n^ reduzierte Oxalessigsaxu-e 
pro g Peuchtgewicht und Stunde; 

Abscisse: Phosphatgehalt der Rin- 
GBRbicarbonatlosimg in mg % P. 

Die Organe zeigen wesentliche 
Unterschiede. Im Skelettmuskel 
erhoht steigendes Phosphat die 
Oxalessigsaurereduktion bis zum 
vierfaohen; in Herz und Leber ist 
eine geringere Erhohung festzu- 
stellen; im Gesamthirn bleibt die 
(sehr geringe) Reduktion unbeein- 
flusst und in der Niere vermindertsteigendes Phosphat sogar die Oxalessigsaurereduktion. 

Der Grund zu diesem verschiedenen Verbalten liegt in der Verschiedenheit der Phosphory- 
lierungsvorgange in den verschiedenen Organen, wie ich in einer folgenden Arbeit zeigen werde. ' 

Ebenso wie Phosphat erhoht auch Arsenat die Reduktion der Oxalessigsaure im Muskel, 
wenn auch nur etwa 80% aquimoltkularer Phosphatmengen. Die von Meyerhof gefundene 
Atmungserhbhung von Muskelsuspensionen durch Arsenat beruht darauf. 

Wahrend Calcium direkt die Reaktion zwischen Oxalessi^aure und ihren Wasserstoff- 
donatoren, ebenso wie die Malicodehydrogenase beeinflusst, beeinflusst Phosphat nur indirekt 
die Reduktion der Oxalessigsaure durch quantitative Anderungen der Zuckerphosphorylie- 
rungen und damit durch Anderung des Angebots an spezifischen Wasserstoffdonatoren. 
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Das andere Enzjm des Systems II, die Malicodehydrogenase, wird, wie Sondemr- 
suohe ergaben, durch Phosphatiouen nioht merkbar beemflusst;manohmali8t mit steigeadem 
Phosphat eine 10-20%ige Hemmung festzustellen. 

Das System I wird durch Phosphatiouen ebenfalb nicht beeinflusst, wie spezielle Versuohe 
iiber die Phosphatbeeinflussung der Menge der durch System I zu Brenztraubensaure oxydier- 
baren Milohsaute ergaben. 

Darau8warzuerwarten,dass auch das System Succinodehydrase-Cytochrom C-Cytochrom- 
oxydase nioht phosphatsensibel ist. Sonderversuohe mit Suocinodehydrase(Taubenmuskel) 
ergaben eine geringe Steigerung (10 — ^20%) der dehydrierten Bemsteins&ure bei Steigerung des 
Phosphats von 0 auf 20 mg % P; bei weiterer Steigerung auf 60 und 200 mg % erfolgt 
wieder Abnahme um 10%. Gegeniiber den Steigerungen der Oxalessigsaurereduktion und 
der Gesamtatmung um mehrere hundert Prozent spielt diese Variation sicher keine Eolle. 

Ich habe waiter die Phosphatbeeinflussung der Gesamtatmung allei Gewebe untersuoht. 

Alle Gewebe ohne Ausnalune zeigen eine erhebliche Atmungssteigerung durch Steigerung 
des Phosphats in BiNOERbicarbinatlosung. Die Steigerung geht in alien Organen bis zu dem 

unphysiologisoh hohen Phosphatgehalt von 200 
mg% P weiter, noch hohere Konzentrationen er- 
niedrigen die Atmung. Ich habe in der Figur 7 nur 
die Werte bis 60 mg% P eingezeichnet und die 
hoheren, unphysiologischen Werte weggelassen. 

Bedingungen: Je 0,2 — 0,4 g frisoher Gewebebrei 
in RiNOERbicarbonat (ohne Calcium und Phosphat); 
Zugabe von P als neutrales Natriumphosphat in 0,5 
ml BiNGERbicarbonat; Gesamtfliissigkeit 2 ml. Im 
WARBURGapparat bei 38° unter Luftgeschuttelt. Ab- 
ficisse; mg % P in der RiNGEBlosung; Ordinate: fil 0, 
Verbrauch pro g Feuchtgewicht imd Stunde. Das 
Eigcnphosphat der Organe wurde vemaohlassigt. 

Von den Atmungssystemen zeigt System, I 
praktisch keine Phosphatabhangigkeit; die Beein- 
ilussung von System II ist nicht gross genug um 
die ganze Atmungserhohung durch Phosphat zu 
orkUiren. Dadurch wird der vorhin geinachte Schluss, 
dass Phosphat die Systeme der Wasserstoffbereit- 
stellung fordert, wahrscheinlich. Weiter ist aus 
diesen Ergebnissen der Schluss berechtigt, dass in 
alien Organen, sowohl des Systems I wie II, ein 
Teil des Wasserstoffs liber phosphorylierte Zwischen- 
stufen bereitgestellt wird. 

Ein goringer Teil der Steigerung der Atmung 
durch Phosphat in den durch Calcium hemmbaren 
Organen des Systems I + II ist vielleicht auf eine 
Inaktivierung des restlichen Gewebecalciums durch 
Phosphat zunickzufiihren. 

8. Oxalessigs&ureFeduktioii and Citronenskurebildung. 

Krebs (1989, 1940) hat in vwschiedenen Veroffentlichungen die Theorie aufgestellt, dass 
die Beduktion der Oxalessigsaure im Gewebe nicht direkt zu 1-Apfelsaure flihre, sondem liber 
den Umweg der Bildung von Citronensaure, die liber den Umweg nach Knoop-Martius (1938) 
Ketoglutarsaure-Bemsteinsaure-Pumarsaure in 1-Apfelsaure verwandelt wird. Ich habe nach- 
gewiesen, dass das nicht der Hauptweg der Beduktion der Oxalessigsaure ist, und dass die 
Citronensaure aus Kondensationsprodukten, die bei der Neutralisation der Oxalessigs&ure 
in Wasser entstehen, gebiidet wird (Brbusch 1987). Weiter zeige ich unten, dass die 
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Zwischensubstanzen des angeblichen Citronensaurecyclus bis 80 mal langsamer vom Gewebe 
uingesetzt warden als die Beduktion der Oxalessigsaure vor sich geht. 

Krebs wendet bei seinen Versuchen calciumhaltige BiNGERbicarbonatlosung an, ich cab 
ciumfreie Bingerphosphatlosung. Ich untersuchte deshalb, ob der Galciumgehalt der Losungen 
in physiologischen Grenzen einen Einfluss auf die Citronens&urebildung hat, da sich gezeigt hatte, 
dass die Beduktion der Oxalessigsaure durch steigendes Calcium wesentlich gehemmt wird. 

Tatsaehlich zeigt sich ein solcher Einfluss. Mit steigendem Calcium steigt bei Bebriitung 
von Muskelbrei mit uberschiissiger neutralisierter Oxalessigsaure die Menge der gebildeten 
Citronensaure, wahrend gleichzeitig die Menge der aus 
Oxalessigsaure gebildeten bApfelsaure abnimmt. 

Bedingungen: g frischer Katzenmuskelbrei in 13 ml 

BiNOERbicarbonatlSsung (ohne Ca, ohne P) -f 100 mg in 8 ml ^ 

Binqer (ohne Ca, P) neutralisierter Oxalessigsaure + steigende a 
Mengen 0aCl2 in 2 ml dest. Wasser je 20 min. aerob bei 38° in « 

250 ml ERLENMEYERkolbchen geschiittelt. Fig. 8: Abscisse: 
mg %Ca; Ordinate: gebildete mg bApfelsaure, resp. Citronensaure. ’< 

Die Kurve soheint einen Mechanismus des Organismus g 
zur Konstanthaltung des Gehaltes an loslichem Calcium des 
Organismus aufzuzeigen, so, dass mit steigendem Calcium 
steigende Mengen Citronensaure gebildet werden, die den 
Oberschuss des Calciums fallen, bis die Konzentration des 
Calciums unter die Loslichkeit des Calciumcitrats sinkt. 

Das wiirde auch den Krebs ’schen Citronensaurecyclus, 
dessen Existenz fiir den Muskel ich angezweifelt habe, sicher- 
stellen, wenn nioht die erstaunliche Tatsache ware, dass 
schon durch Schtitteln neutraler Oxalessigsaurelosungen mit Calcium++ bei 38° (auch schori bei 
Zimmertemperatur, ebenso mit Strontium und Barium) in BiNGERbicarbonatlosung, ohne 
jedes Gewebe, grosse Mengen Kondensationsprodukte entstehen, die die Reaktion auf Penta- 
bromaceton geben, also in jede bisher bekannte Nachweissmethode fur Citronensaure als 
Bolche eingehen. Natrium, Kalium und Magnesium bind unwirksam. 

Bedingungen: Je 20 ml BiNOERbicarbonat resp. BiNGERphosphat ohne Ca -f- 200 mg einer 
in 20 ml dest. Wasser neutralisierten Losung von Oxalessigsaure -f- steigende Mengen CaClg 20 min 
aerob bei 38° geschUttelt, dann auf Citronensaure analysiert (Verfahren wie Breusch 1939). 



mg % Calcium 


Fig. 8. 

Apfelsaure. 

Citronensaure. 


mg % Calcium | 

BiNGERphosphat 

RiNGERbicarbonat 


[ 0 mg Citronens. 

0 nig Citronens. 

50 

1 mg 

5 mg 

150 1 

1 l^'^ mg 

20 mg 


Den Einfluss der Zeit auf die Bildiing des Kondensationsproduktes zeigt folgende Tabolle: 
Bedingungen: wie oben, BiNciERbicarbonat, 100 mg% Ca. 

1. sofort analysiert 0 mg Citronensaure 

2. 20 Min bei 38° 15 mg 

3. 60 Min bei 38° 25 mg „ 

Die obere Tabelle zeigt, dass die Menge der gebildeten Citronensaure deutlich von der 
Konzentration des Calciums abhangt; in Phosphatlosung, die mehr Calcium inaktiviert als 
Bicarbonatlosung, ist die Kondensation geringer. Die untere Tabelle zeigt, dass die Konden- 
sation auf Grund einer langsamon Katalyse durch Calciumionen in neutraler Losung erfolgt. 
Ohne C^^lcium kann man neutrale Oxalessigsaurelosungen beliebig lang in BiNOERbicarbonat 
schtitteln, ohne dass Kondensation eintritt. Ebensowenig wird in verdiinnter (1%) saurer oder 
alkalischer Losung, auch bei Anwesenheit von Calcium, ein Kondensationsprodukt gebildet. 
Die erstaunliche Bildung eines Kondensationsproduktes aus Oxalessigsaure, 
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daB P^tabromacetonreaktion gibt, zuBammen mit meinem Mheiren Belund, dasB schon bei 
der Neutralisation der Oxalessigsaure in konzentrierten Ldsungen Citronenstoe entsteht, zeigt 
erneut, wie vorsiobtig man mit der Deutung aller Kondensationsreaktionen der Oxalessig- 
B&ure Bein muss, da gerade die Kondensationsreaktionen der OxalessigsS*ure, deren Existenz in 
den Geweben erst bewiesen werden soli, in den bei Gewebeversuchen immer angewendeten 
unphysiologisch bohen Konzentrationen an Oxalessigsaure meistens rein cbemiscbe sobon vor- 
bar und unerwartet abgelaufene Eeaktionen sind. Im Gegensatz dazu ist die Umwandlung der 
Oxalessigsaure in l>Apfelsaure eine aussobliesslicb enzymatisobe Eeaktion; irgend eine rein 
cbemiscbe Umwandlung in neutraler Losung ist bis jetzt nicbt bekannt. 

Icb babe (1939) gezeigt, dass in der Niere (nicbt aber in irgend einer Art von Muskel), wo 
neben der Eeduktion der Oxalessigsaure zu Z-Apfelsaure aucb Kondensation von Oxalessig- 
saure mit Brenztraubensaure zu Citronensaure stattfindet, angenabert pbysiologiscbe Kon- 
zentrationen von Oxalessigsaure (unter 20 mg%) praktiscb quantitativ in i-Apfelsaure tiber- 
geben, wabrend Citronensaure erst aus unpbysiologiscb boben Oxalessigsaurekonzentrationen 
als Uberscbussreaktion gebildet wird. Selbst in der Niere (erst recbt im Muskel) ist also die 
Eeduktion der Oxalessigsilure primare Hauptreaktion, und der Cyclus eine sekundare Uber- 
scbuBsreaktion. 

Icb glaube, dass alle bisber beigebraobten Beweise fiir die Cyclustbeorie unreal sind, weil 
die gefundene Citronens&ure ein Kunstprodukt ist, das bei der Neutralisation der Oxalessig- 
saure Oder durcb Calciumkatalyse beim Bebriiten der unpbysiologiscb boben Konzentrationen 
gebildet wurde. 

Icb kann jetzt zwei, wie icb glaube, endgiiltige Beweise erbringen, dass der Citronensaure- 
cyclus als Mecbanismus der Muskelatmung keine Eealitat bat. 

I. Icb babe die Gescbwindigkeit untersucbt, mit der die einzelnen Glieder des bypotbe- 
tiscben Cyclussystems im Muskelbrei in l-Apfelskure umgewandelt werden. Wenn, wie Krebs 
bebauptet, ein grosser Teil der Umwandlung der Oxalessigsaure in l-Apfelsaure bber den Cyclus 
gebt, dann muss die Umsatzgescbwindigkeit der Kettenglieder mindestens gleicb oder grosser 
sein als die Gescbwindigkeit des Umsatzes zwiscben den Kettengliedem. 

Je 10 g Taubenmuskelbrei (2 Min. ncu^b dem Tode) -f 16 ml EiNGSRphospbat (olme Calcium) -j- 
1 Millimol der betreffenden neutralisierten Saure aerob bei 38° 5 Min geschUttelt, djum enteiweisst 
und auf Z-Apfelsaure untersucbt. 


Zusatz von 1 Millimol 

Ausbeute Fumar.-l-Apfelsaure 
in Millimol 

Oxalessigsaure 

0,81 

Citronensaure 

0,02 

a-Ketoglutarsaure 

0,04 

Bemsteinsaure 

1 

0,20 


Keine einzige der Zwiscbenreaktionen des bypotbetiscben Cyclus bat die Gescbwindigkeit 
der Eeaktion zwiscben den Endgliedern Oxalessigsaure-i-Apfelsaure. Die Umsatzgescbwindig- 
keit der Citronensaure betragt unter denselben Bedingungen nur 2% des Hauptumsatzes. Als 
Citronensaure-Isocitronensauregemiscb konnte icb 98%, das beisst praktiscb alles nacb der 
Eeaktion wiederfinden. Das ist ein stronger Beweis, dass mindestens 98% der Eeduktion der 
Oxalessigsaure zu l-Apfelsaure nicbt liber den Cyclus gegangen sein kann. 

II. Die Umwandlung Oxalessigsaure-l-Apfelsaure erfolgt mit praktiscb derselben Ge- 
Bcbwindigkeit aucb anaerob. Das ist nur bei Annabme direkter Eeduktion moglicb, da bei der 
Umwandlung von 0,8 Millimol Oxalessigsaure in 0,8 MillimoU-Apfelsaure nacb der KREBSLcben 
Formulierung Oxalessigsaure + Brenztraubensaure + 2 Og = 3 CO^ + Z- Apfels. + Wasser, 
0,8 X 2= 1,6 Millimol O 2 — 85,8 Milliliter 0^ von Normalbedingungen no tig waren. 

Die Versuohsbedingungen waren folgende; 10 g Taubenbrustmuskel + 10 ml EiNOBRphospbat 
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ohne Calcium 3 Min. in einem Gefass von 75 ml Inhalt auf 2 mm Hg evakuiert (Leistung der Motor- 
pumpe), dann im Vakuum 1 Millimol neutralisierte Oxalessigsaure in 5 ml Wasser zugegeben, 5 min 
Dci 38 ® bebriitet, enteiweisBt und Z-Apfelsaure beBtimmt. 

Das Gefftss entbielt naoh dem Evakuieren noch 0,2 ml Luft = 0,04 ml O,; dazu kann man bei 
Annahme von maximal etwa 2 %Myo- und Hamoglobingehalt der 10 g Muskel und einem 0 ,-Aquivalent 
von etwa 17.000 etwa 0,3 ml an gebundenem O2 rechnen. Insgesamt 0,34 ml = 0,015 Millimol O,. 

Die Umsetzung im Vakuum ergab aus 1 Millimol Oxalessigsaure 0,8 Millimol Fumar-1- 
ApfeMure. Wenn die Cyclustheorie riohtig ware, hatten dazu 1,6 Millimol — 85,8 Milliliter 0^ 
verbraucht werden mussen; in Wirklichkeit waren nur 0,015 Millimol = 0,34 Milliliter O 2 im 
ganzen Beaktionssystem vorhanden. Das beweist eindeutig und wohl endgiiltig, dass die Um- 
wandlung Oxalessigsaure-l-Apfelsaure hochstens zu weniger als 2% iiber den angenommenen 
Cyclus gegangen sein kann. 


9, Pharmakologie des Systems II. 

Ich babe in der folgenden Tabelle die Hemmungen der beiden Hauptenzyme des Systems 
n, der Malicodehydrogenase und des Enzyms der Beduktion der Oxalessigsaure durch ver- 
schiedene Zusatze zu den Versuchsanordnungen des Abschnitts 5 ermittelt; daneben die Hem- 
mungen des Systems I. 


HemmungBsubstanz 

System II 

System I 

Beduktion 
der Oxal- 
essigsaure 

Oxydation 
der l- 
Apfelsaure 

Succino- 

dehydro- 

genase 

Lactico- 

dehydro- 

genase 

NaF 

100 rrig% 

:w% 

0% 

0% 

0% 

Ca 

20 „ 

80 

95 

0 

20 

Mg 

60 

oO 

0 

0 

0 

A83O3 

200 ., 

100 

0 

0 

0 

AbjOb 

200 „ 

0 

0 

0 

0 

Selenat 

100 „ 

100 

0 

0 

0 

Wolframat 

500 „ 

0 

0 

0 

0 

Digitalin 

500 „ 

45 

45 

0 

0 

Salicylat 

500 „ 

100 

40 

0 

0 

Chininsulfat 

200 „ 

HO 

40 

0 

0 

Aver tin (Tribromaethanol) 200 mg 

GO 

GO 

40 

30 

Aether, Totalsattigung 


40 

50 

20 

Chloroform 



100 

100 

— 

100 

Chloralhydrat 200 mg% 

GO 

40 

40 

0 

Aethanol 7 , 5 % 

CO 

50 

40 

40 

Propanol 3 

% 

70 

70 

50 

30 

n-Butanol 2 

% 

HO 

100 

— 

20 

Amylalk. (Garimgs) 1 , 2 % 

70 

100 

40 

50 

Octylalkohol, Sattigung 

80 

100 

20 

50 

Toluol, Sattigung 

— 

100 

— 

GO 

Thymol, 

>> 


100 

i 

80 


Folgende Substanzen sind ohne jede Einwirkung auf die vier genannten Enzyme: Je 200 
mg % Veronal, Pyramidon, Sulfonal, Tetronal, Novocain, Narcein, Nicotin, Pilocarpin, Aconi- 
tin. Strychnin, Paraldehyd, Coffein, Morphin, Heroin, Antipyrin; ebenso je 30 mg% Histamin, 
Aoetylcholin und Eserin, Adenosin, Hefe- und Muskeladenylsaure, Adrenalin, Thyroxin, 
Betaxin, kristallisiertes zinkfreies Insulin, Glutathion, Cystein und Cystin, Ascorbinsaure, 
ebenso wie Dioxymaleinsaure hemmt die Beduktion der Oxalessigsaure bei 50 — 100 mg% 
manchmal um etwa 30%. 


12* 
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Alle oben angegebenen Werte varii^en stark mit Anderungen der Salzkonzentrationeni 
was aaf eine wesentliche Beteiligong kolloidphysikalischer Einfliisse hmdeutat. Bei alien Varia- 
tionen der Einzelwerte wird trotzdem immer das System II st&rker geschiidigt als das System I. 

Die Enzyme des Systems II sind also gegen Pharmaka und Atmungsgifte wesentlich emp< 
findlioher als alle Enzyme des Systems I, da die Nichtempfindlichkeit des letzten Kettenproduk- 
tes des Systems I« 4er Lactioodehydrogenase, automatisch auch die relative Unempfindlich* 
keit der anderen Enzyme bis zur Cytoohromoxydase mit einschliessen muss. 

Die erhdhte Empfindliohkeit der Malicodehydrogenase und des fiir die Eeduktion der 
OxalessigsHure verantwortlichen Enzyms, gegentiber der Lactioodehydrogenase durfte daran 
liegen, dass die Lactioodehydrogenase leiohter aus Gewebe extrahierbar, also nicht so fest an die 
Gewebestruktur gebunden ist, wie die Enzyme des Systems II. Nach einer von Warbubo (1914) 
gefundenen Hegel sind strukturgebundene Katalysatoren gegen Narkotika empfindlicher als 
geldste. Ich mache desbalb die, vorlaufig unbewiesene, Annahme, dass die Enzyme des Systems I 
(ausser der von der Struktur nicht abtrennbaren Cytoohromoxydase) im Zellinhalt teilweise in 
Losung vorliegen, wUirend die Enzyme des Systems II fester an die Zellstruktur gebunden sind« 

Bei der Durchsicht der Tabelle fallt auf, dass nur einige peripher wirkende Antipyretika, 
weiter alle Narkotika, ausserdem Digitalin diese Erscheinung der primaren spezifischen Scha- 
digung des Systems II zeigen, dass dagegen kein einziges der pharmakologisch wichtigen Alka- 
loids selbst in tausendfach liberhohter Dosis einen Einfluss hat.DemMechanismus der Narkose, 
fur die naoh diesen Versuchen keine der bestehenden Theorien allein eine Erklarung zu geben 
vermag (Literatur siehe WiNTERSTEiN 1926), und dem Wirkungsmechanismus der Antipyreti- 
ka, soweit sie nicht nur auf das Warmezentrum wirken, liegt also derselbe periphere chemisohe 
Mechanismus zugrunde, die spezifische Herabsetzung der Atmung durch Hemmung des Sys- 
tems 11! 

Was ein Narkotikum, was ein Antipyretikum oder Analgeticum ist, wird ansoheinend von 
sekundaren Faktoren, der chemischen Affinitat zu bestimmten Organbestandteilen oder Ge- 
hirnbezirken oder spezifischen Durchlassigkeiten bestimmter Organgefasse entschieden. Ich 
betone noch, dass die fur die Atmungshemmung in den vorliegenden Versuchen angewendeten 
Dosen bis zum 100 fachen grosser sind als die maximalen therapeutischen Dosen am ganzen 
Organismus. 

Dieses Kapitel soil nur einen Hinweis auf Losungsmoglichkeiten von bisher in ihrem Me- 
chanismus ganz unbekannten pharmakologisohen Erscheinungen geben, ohne zu einer Theorie 
Stellung zu nehmen. 


10. Die H 2 -Donatoren der Beduktion der Oxalessigs&ure. 

Die H 2 -Donatoren der Oxalessigsaurereduktion wurden zum ersten Mai von Banga und 
Szent-Gyorgyi (1937) untersuoht. Da jedes normale Gewebe mit Hg-donatoren soweit gesattigt 
ist, dass Zusatz beliebiger Stoffe in keinem Fall die Bildung der Z-Apfelsaure erh5ht, musste 
das Enzym, das Oxalessigsaure zu Z-Apfelsaure hydriert, isoliert werden. 

Gerade dieses Enzym ist aber, wie ich in Abschnitt 5 zeigte, das hbchstempfindliche am 
Stoffwechsel beteiligte (soweit bisher bekannt). Banga gelang es, dieses Enzym in geringer Aus- 
beute bei Arbeiten in Eis fiir 1 bis 2 Tage haltbar zu isolieren. Sie konnte damit feststellen, dass 
Fructose-l-6-diphosphorsaure und Glucose-G-phosphorsaure Hg-Donatoren der Oxalessigsaure- 
reduktion sind. Da beide Stoffe iiber den MEYERHOP-EMBOEN-PARNASSchen Abbauweg sehr 
rasohe Umwandlungen im Gewebe durchmaohen, war es unsicher, ob wirklich die beiden 
angegebenen Stoffe, oder deren sekund&re Umwandlungsprodukte die Hg-Donatoren waren. 

Ich habe (1989) ein anderes Verfahren zur Isolierung des Enzyms ausgearbeitet, das jedoch 
auch zu keinem dauerhafteren Praparat fiihrte. Fiir Serienversuche waren beide Verfahren 
unbrauchbar. 

Ich habe deshalb zur Feststellung der Hg-Donatoren der Atmung ein anderes Verfahren 
fiir Serienbestimmungen ausgearbeitet, um eindeutig feststellen zu konnen, welche Substanzen 
Hg-Donatoren sind und welche nicht. 



DIE ZWEI HAUPT8YSTEME DBR ATMUNG IM WARMBLUTERGEWEBB 


181 


Eb besteht darin, dass die Gewebe der zu den Versuchen verwendeten Tiere durch 
Hungemlassen an H2*Donatoren kunstlich verarmt werden; der Best lasst sich bei Muskeln 
durch Arbeitenlassen an der Tretbahn entfemen; aus den Lebern iS^sst sich der Best durch 
Adrenalin wegbringen. Die Verfahren sind mit vieler Miihe (und nach vielen Pehlschlagen) aus- 
gearbeitet; sie miissen bei Wiederholungen peinlich eingehalten werden. Verwendet wurden nur 
Katzen, die bier zahlreich herrenlos herumlaufen, wahrend Kaninchen sehr teuer sind. 

Verfahren: Magere Katzen (keine fetten Hauskatzen) von 1400 — 2000 g Gewicht werden 6 Tage 
bei beliebi^er Wasserzufuhr in Kafigen im Freien hungem gelassen. 

Um (fie Katzen dann fur eiilen Leberversuch vorzubereiten, erhalten sie am 7ten, 8ten, 
9ten und lOten Tag morgens und abends je 1,5 mg kristallisiertes Adrenalin in 1 cc KiNOBRldsung 
subcutan (bei weitergehendem Hunger). Die Lebem sind fiir den Versuch erst dann brauchbar, 
wenn die Tiere so schwach sind, dass sie freiwillig auf der Seite liegen bleiben. Bei grossen Katzen 
kann man die Adrenalindosis auf taglich 2x2 mg Adrenalin steigem. Die letzten beiden Tage halt 
man die Tiere zweckmassig nicht in Stallen im fVeien, da sie sonst, besonders im Winter, durch 
vorzeitiges Absinken der Korpertemperatur zugrunde gehen. 

Um die Katzen fiir einen Muskelversuch vorzubereiten, lasst man sie weitere 3 — 4 Tage 
(insgesamt 9 — 10 Tage) hungern und bringt sie dann auf eine schrage Laufbahn (Leinwand, 3 km pro 
Stimde, Neigung 1/5). Man lasst sie 3 — 4 Stunden laufen, bis sie vollstandig kraftlos geworden sind 
und freiwillig auf der Seite liegen bleiben. Dazu eignen sich im allgemeinen kleine Katzen (1400 g) 
besser als grosse. Katzen, die faul sind und in der Tretbahn nicht laufen, obwohl sie ausserhalb der 
Tretbahn noch gut stehen imd gehen konnen, sollen moglichst nicht zu einem Versuch verwendet 
werden; man muss fiir Muskel mit grossem Tiermaterial arbeiten, da nur jede zweite Katze brauchbar 
ist. Laufen die Tiere nicht freiwillig bis zur Ermattung, so gibt man nach einer Stunde eine subcutane 
Injektion von 20 Einheiten Insulin (= 1 mg krist. Insulin) in 1 cc subcutan. Nach etwa 2 Stunden 
sind sie dann (ohne Krampfe!) soweit, dass sie freiwillig auf der Seite liegen und sich nicht mehr er- 
heben konnen. Jetzt sind die Tiere fur den Versuch brauchbar. Ein Unterschied im Stoffwechsel- 
verhalten zwischen den Tieren, die nur durch die Laufbalm ermudet wurden, und den insulinbehan- 
delten besteht nicht; durch langes Laufenlassen kann man die Hg-Donatorfreiheit der Gewebe weiter 
treiben als mit Insulin. 

Um den Einfluss der Ermudurig auf die Kapazitat des Muskelszur Oxalessigsaurereduktion 
zu priifen, habe ich die Bildung der i-Apfelsaure aus Oxalessigsaure bei Tieren untersucht, die 
verschieden lang im Laufapparat gelaufen batten. 


Bedingungen: Katze im Laufapparat; 6 km Stundengeschwindigkeit, Neigung 1/4. Getotet, 
sofort wie iiblich untersucht. Muskel imd Oxalessigsaure. 


Tier gelaufen: | 

frisch 

40 Hi in 

80 min 

100 min 

gebildete mg i-Apfelsaure pro g und Stunde. ... 

14 Dig 

10 mg 

6 nig 

4 nig 


Nichtgehungerte Tiere erholen sich in wenigen Minuten wieder auf die alte Gewebekapazitat. 
Darnit ist einwandfrei bewiesen, dass durch starke Muskelarbeit die Hg-Donatoren der Oxalessig- 
saurereduktion verbraucht werden. 


Den gleichen Effekt erzielt man mit Insulin. Bedingungen: Katzen 2 kg; 20 E. Insulin (1 mg 
krist.) subcutan. Getotet x min nach der Injektion. Muskel und Oxalessigsaure. 



Sofort 

30 min 

00 min 

120 mm 

gebildete mg Z-Apfelsaure pro g und Stunde.^. . . 

12 mg 

10 mg 

0 mg 

7 mg 


Insulin hat auf die Oxalessigsaurereduktion einen ahnlichen Effekt wie Ermudung durch 
Muskelarbeit. Muskelarbeit und Hunger sind aber wirksamer in der Donatorentfemung als 
Insulin. 

Den gleichen Abfall der Hg-Donatoren der Oxalessigsaurereduktion fand ich in der Leber 
nach Adrenalin; allerdings im Verlauf mehrerer Tage. 

Fiir den Versuch selber wurde folgendermassen vorgegangen: Die vollkommen ermatteten Tiere 
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warden durch Kopfsohlag getdtet» Muakel oder Leber sofort herausgenommen (1 min.), sofort in der 
liATAFiEmtihle gemahlttx (3 min) imd vom Leberbrei 80 g, vom Muskelbrei 40 g in eine Ldsung von 
160 ml RiNOBRlOBung (ohne Galciiim) and 40 ml einer ges&ttigten (10%) NasHPOi. 12 HgO-LOsung 
hineingegeben and duroh ener^ohes Luftdurohblasen gleichm&ssig verteilt (5 min). 

Von dieser duroh Durohblasen homogenisierten Siispension warden je 20 ml mit einer Stangen- 
pipette (mit sehr weiter abgebroohener Spitze von 5 mm Loohdurchmesser) in eine Ldsung von 
80 mg neutralisierter Oxalessigsaure (frison, 10 min vorher aus kristallisierter Oxalessigs&me her^ 
gestelit) in 6 ml Wasser and 30 mg der auf ihre H^-Donatorfilhigkeit zu untersuchenden Substanz in 
neutralerL5simgm2mlzugegeben.Dieganze Reaktionsfltlssigkeit wird in 200 ml ERLENMBYEnkdlb- 
chen 5 min bei 38® im Wasserbad geschuttelt, mit je 3 ml 10 %iger H2SO4 and 3 ml 10 %igen Natrium- 
wolf ramat enteiweisst und auf l-Apfelsaure untersucht. 

Wegen der raschen Inaktivierung des Enzyms muss der ganze Versuch 5 Minuten nach dem 
Tode des Tieres beginnen und 10 Minuten nach dem Tode beendigt sein. Es mussen also alle Losun- 
gen und Gefksse vorbereitet sein. Bei Wiederholungen empfehle ich erst einige Ubungsversuche. 

Da auoh bei diesen weitgehend donatorfreien Tieren noch eine Restmenge von Hg-Dona- 
toren im Gewebe geblieben ist (vollstandige Donatorfreiheit ist mit dem Leben unvertraglich) 
muss in einem Kontrollversuch jedesmal der Blindwert der Oxalessigsaurereduktion festge- 
Btellt werden, der abgezogen wird. Ausserdem ist es n5tig, jedesmal einen Blindversuch mit- 
laufen zu lassen, in dem die zu untersuchende Substanz mit Gewebe ohne Zusatz von Oxalessig- 
skure mitlauft, da viele Hg-Donatoren Eigendrehung zeigen, die kompensiert werden muss. 

Um festzustellen, ob das betreffende Tier in seinen Geweben geniigend ausgehungert war, 
um Oberhaupt mit Hg-Donatoren eine wesentliche Erhohung der Z-Apfelsaurebildung zu ergeben, 
habe ich jedesmal neben der Bestimmimg des Blindwertes eine Probe mitlaufen lassen, in 
der 40 mg Fructose-1, 6-diphosphorsaure (aus Candiolin der I.G, mit der berechneten Menge 
Kaliumoxalat umgesetzt und filtriert, sorgfaltig auf Abwesenheit von Ga gepnift) als Hg-Donator 
anwesend war. Fruotosediphosphorsaure ist sowohl fur Muskel als auch ftir Leber eiu guter 
Hg-Donator. 

Nur die Versuchsserien sind als brauchbar verwendet, in denen Fructosephosphorsaure 
eine mindestens 50%-ige (manchmal bis 250% -ige) Erhohung gegen den Blindwert der f-Apfel- 
saurebildung aus zugesetzter Oxalessigsaure ohne Hg-Donatorzusatz ergab. Wenn man die Tiere 
peinlich nach den angegebenen Vorschriften vorbereitet, so sind etwa 80% der Versuche brauch- 
bar. Bei den restlichen misslungenen 20% haben die Tiere trotz der Vorbehandlung noch ge- 
ntigend Bg-Donatoren im Gewebe, sodass Zusatze keine Erhohung ergeben. 

Ich besohreibe im folgenden eine einzelne Versuchsserie von einem Leber tier; 

Es sind jeweils 8 ERLBNMEYERkolbchen von 200 ml nummeriert vorbereitet, die die unten- 
stehenden Losungen enthalten. Dann erfolgt Zugabe der Gewebesuspension; man schiittelt das ganze 
im Wasserthermostaten bei 88® 5 min lang, enteiweisst, filtriert und bestimmt die Z-Apfelsaure nach 
Straub. 

In der ersten Hubrik gebe ich die Zutaten der 4 Versuchspaare; in der zweiten die am Polari- 
meter abgelesenen Drehungen; in der dritten die aus jedem Versuchspaar errechnete Drehimg 
aus entstandener Z-Apfelskure; in der vierten die prozentuale Steigerung eines Donatorpaares gegen- 
iiber dem Kontrollpaar (1 und 2). In der ftinften Rubrik erfolgt die eindeutige Entscheidung, ob eine 
Substanz Donator ist Oder nioht. 


Zutaten 





1 . 5 ml HjO -f 2 ml HjO 

2. 80 mg Oxalessigs. -f 2 ml H^O 

-~0,06 

-1-0,22 

0,28 

— 


in 5 ml H^O 





3. 5 ml HjO -j~ 40 mg Fructosediph. in 2 ml HjO . 

—0,08 

0,52 

95% 

ja 

4. 80 mg Oxalessigs. -f 40 mg Fructosediph. in 2 ml HgO . 

+0,44 

in 5 ml HgO 





6. 6 ml HjO -f 30 mg Glykogen in 2 ml H,0 .... 

6. 80 mg Oxalessigs. + 30 mg Glykogen in 2 ml HgO 

—0,28 

0,28 

0% 

nein 

0,00 

in 6 ml H^O 





7. 5 ml HgO -f- 30 mg Isocitronens. in 2 ml HgO. . 

—0,06 

0,40 

46% 

ja 

8. 80 mg Oxalessigs. 4* 30 mg Isocitronens. in 2 ml H.O. . 

+ 0,34 
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Nach dieser Methode, die eindeutig erlaubt, festzusfcellen, ob eine Substanz ein Hg-Donator 
der OxalessigsS/urereduktion ist oder nicht, babe ich in Muskel und Leber eine grosse Zahl von 
Substanzen untersucht, die ich mir unter den heutigen Verhaltnissen teilweise nur schwer 
synthetisieren konnte. 

Als allgemeines Ergebnis dieser Untersuchung ergibt sich, dass die Hg-Donatoren der 
Oxalessigsaurereduktion in Leber und Muskel teilweise verschieden sind. Jeder folgende Versuch 
ist mindestens zweimal gemacht: manche grundsatzlich wichtige, wie Glucose 4 bis 5 raal. 
Mit einer Katze wurde immer nur eine der obenstehenden Versuchsserien gemacht. In der 
folgenden Tabelle geben die Zahlenangaben jeweils die durchschnittliche Steigerung der 
Z-Apfelsaurebildung gegen die Kontrolle in Prozent. 




H.-Donator 

Hj-Donator 
in der 

Substanz 

im 



Muskel 

Leber 





Glykogen 


100% 

0% 

Glucose-G-phosphorsaure 

(1) 

50 

25 

Fructose- 1 ,6-diphosphor8aure 

80 

80 

Ribose-5-phosphorsaure 

(2) 

0 

25 

a-Glycerinphosphorsaure . . . . 



50 

20 

Phosphoglyoerinsaure 

0 

0 

rrlllfiOSfi 

0 

25 

Fructose 


0 

10 

Galactose 


0 

5 ? 

Mannose 


0 

0 

d-Z-Sorbose 


0 

0 

ArAhinnsA 

0 

0 

Xylose 

d-Ribose 

C) 

0 

0 

0 

25 

d-Z-Glycerinaldehyd 


0 

25 

Dioxyaceton 

(5) 

0 

0 

Oxymethylglyoxal 

0 

0 hemmt 

Glykolaldehyd 

(«) 

0 

0 

Forma Idehyd 


0 

0 

Glucoson 

(7) 

0 

0 

Glucuronsaure 

0 

0 

Gluconsaure 

(8) 

0 

0 hemmt 

Zuckersaure 

(») 


60 

Schleimsaure 

(W) 

0 

0 

Mannozuckersaure 

W 

0 

0 

Arabotrioxyglutarsaure 

(12) 

0 

0 

Xylotrioxyglutarsaure 

(18) 

0 

0 

Buttersaure 


0 

0 

)8-Oxybuttersaure 


20 

30 

d-Weinsaure 


100 

70 


1) Largest, nach Ostbrn, Guthke, Terszakowec, Zs. physiol. Chem. 243, 21 (1936). — 2) Os- 
tern, Biooh. Zs. 254, 65 (1932), Inosinsaure; daraus nach Levene, Jakobs, Ber. Chem. Ges. 44, 
746 (1911) Ribose-5-pho8phor8aure. — 3) Kiessling, Ber. Chem. Gos. 67, 243 (1935). — 4) Bre- 
dereck, Ber. Chem. Ges. 71, 408 (1938). — 5) Hynd, Biochem. Jl. 26, 11 (1931). — G) Fischer, 
Taube, Ber. Chem. Ges. 60, 1707 (1927). — 7) Brull, Ann. Chimica applicata 26, 415 (1936). — 
8) Kiliani, Ber. Chem. Ges. 62, 588 (1929). —9) E. Fischer, Anleitung zur Darstell. org. Praparate 
(1920). — 10) Tollens, Kent, Ann. Chem. (Liebig) 227, 222 (1885). — 11) E. Fischer, Ber. Chem. 
Ges. 24, 539 (1895). — 12) Kiliani, Ber. Chem. Ges. 21, 3006 (1888). — 13) E. Fischer, Ber. Chem. 
Ges. 24, 1836 (1895). 
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(Fortsetzung) 


Propionsaure 

jS'Oxypropionsaure 

Milchsaure 

Brenztraubens&ure 
Tartronsaure 
li(esoxalsM.iire 
Glyoerinsaure . . . . 
Glykolsaure 


Sorbit 

Dulcit 

Mannit 

Adonit 

Erythrit meso 

Glycerin 

Glykol 

Athanol 


d-Msocitronens&ure 

a'Ketoglutarsaure 


Substanz 


H^-Donator 
im Muskel 


Hs-Donator 
in der Leber 



0 % 

0 

60 

0 

0 

0 

0 

0 


0 % 

0 

10 

0 hemnit 
0 
0 

0 hemmt 
0 hemmt 


( 16 ) 


0 

0 

0 

0 

0 

0 

0 

0 


80 

0 

0 

0 

0 

0 

0 

0 


(ip 

( 18 ) 


50 

0 


50 

0 


14) Deichsel, Journ. f. prakt. Chemie 98, 203 (1864). — 15) Conrad, Reinbach, Ber. Chem. 
Ges. 85, 1817 (1902). — 16) Hbyl, Hart, Schmidt, Jl. Amer. Chem. Soc. 40, 436 (1918). — 17) 
Fittig, Miller, Ann. Chem. (Liebig) 255, 60 (1889). — 18) Wislicenits, WaldmOller, Ber. Chem. 
Gee. 44, 1565(1911); Gabriel, Ber. Chem. Ges. 42, 655 (1909). 


Glykogen ist im Muskel ein ausgezeiohneter H 2 -Donator, in der Leber gar keiner. 
Gluoose-6-phosphat und Fructose-1, 6-diphosphorsaure, die im Gewebe ineinander 
ubergehen, sind in beiden Organen gute Hg-Donatoren. AuehGlycerinphosphorsaureist 
in beiden Organen Donator. Dagegen ist auffallenderweise Eibose-5-phosphorsaure nur in der 
Leber H 2 -Donator, nicht im Muskel. 

In der Leber, nicht im Muskel, sind auch unphosphorylierte Zucker Hg-Donatoren. Die 
Donatorspezifit5t ist strukturspezifisch; Glucose und d-Bibose, in geringer Menge Fructose und 
vielleicht Galactose sind Hg-donatoren; Mannose, d-Z-Sorbose, Arabinose und Xylose sind keine 
Donatoren. Der Nachweis der Glucose als Donator war schwierig, da nur bei extrem ausgehun- 
gerten Tieren pramortal auch das Blut, das man in den Leberbrei mitbekommt, an Glucose 
soweit abnimmt, dass zugesetzte Glucose eine Erhohung ergibt. 

Die 4-Zucker waren mir leider unzugaiiglich; von den 3-Zuckern erwies sich der d-Z-Gly- 
cerinaldehyd, nicht aber Dioxyaceton als guter Donator in der Leber, nicht ^ aber im Muskel. 

Auch die Zuckers^ure (nicht aber die stereoisomeren Schleimsaure und Mannozuckersaure) 
und die d-Weinsaure erwiesen sich als gute Hg-Donatoren, sowohl im Muskel wie in der Leber. 

Sorbit ist ein guter Donator in der Leber; nicht aber Mannit, Dulcit, Adonit (der Bibopentit) 
meso-Erythrit, Glycerol und Glykol. Im Muskel ist Sorbit unwirksam. 

Gute Hg-Donatoren der Oxalessigsaurereduktion ftir beide Organe sind weiter j3-Oxy- 
buttersdiure, Milchsaure und Isocitronensaure. 

Sohreibt man eine Liste aller der Substanzen, die Hg-Donatoren der Oxalessigsaurehydrie- 
rung sind, zusammen mit einer Liste der Substanzen, die ifaren Hg an Coenzym II weitergeben 
(soweit bekannt), so findet man eine auffallende Oberamstimmung. 
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Substanz 

Coenzymspezifitat 

Hj-Donator 

Leber 

Muskel 

Hexosediphosphat 

I II (Euler, Adler 1936) 

+ 

+ 

Glucose-6-phosphat 

II (Warburg, Christian 1936, 1937) 

-i- 


Ribose-6-phosphat 

II (Dickens 1938) 

4" 

— 

Isooitronensaure 

II (Euler, Adler, Plass 1938) 



Glucose 

I II (Das 1936) 

4- 


Glycerophosphat 

I (Adler, Euler, Hughes 1938) 

-f 


Milchsaure 

I (Euler, Adler 1936) 


-f 

i-Apfelsaure 

I (Euler, Adler 1936) 




Sichere Hg-Donatoren der Oxalessigsaurereduction, wie Hexosediphosphat, Eibose-5- 
phosphorsaure, Glucose-6-phosphorsaure, Isooitronensaure, Glucose sind auch Hg-Donatoren 
des Coenzyms II. Daneberi sind auch Substanzen, von denen bisher nur eine Hg-Abgabe an 
Coenzym I bekannt war, Milcbsaure und Glycerophosphat, Hg-Donatoren der Oxalessigsaure- 
reduktion. 

loh mochte trotz der vorerst widersprechenden letzten Eesultate die Vermutung aus- 
sprechen, dass der Weitertransport des Hg vom Hydrocoenz 3 nn II auf Oxalessigsaure erfolgt, 
die dadurch zu i-Apfelsaure wird, ahnlich, wie Hydrocoenzyin I seinen Hg auf Fumarsaure 
ubertragt, die dadurch zu Bernsteinsaure wird. Da Apfelsaure von Coenzym I zu Oxalessig- 
saure dehydriert wird, muss die Eeihenfolge des Hg-transports folgende sein: 

^ n X u Bernsteins. _ _ Z-Apfelsaure ^ rr . 

Oo-<— Cytochrome n — Co I — f -—. — :: -^Co II Hg-Donator 

^ Fumarsaure Oxalessigsaure 

Das Enzyin, das Hg von Hydrocoenzyin II auf Oxalessigstoe ubertragt und dasdashoohst- 
empfindliche bisher bekannte Atmungsenzym darstellt, musste dann die Hydrocoenzym II 
Dehydrogenase sein. 

Diese Theorie ist direkt nur dadurch zu beweisen, dass man reines Hydrocoenzym II als 
Hg-Donator nach meiner Versuchsanordnung untersucht. Ich besitze dank der Freundlichkeit 
der Firma Hofpmann-la Eoche, Basel, 100 mg Coenz 3 rm II von der Eeinheit 0,2. Es zeigte sioh 
jedoch bei Vorversuchen, dass das Enzyin, das Oxalessigsaure hydriert, sehr empfindlich gegen 
Hydrosulfit ist, womit man Coenzym II in die Hydroform iiberfuhrt. Diesen endgiiltigen Ver- 
such muss ich einem Laboratorium iiberlassen, das uber mehr Coenzym II verfiigt. 

11. Diskussion. 

Durch diese Aimahme, dass das hochempfindliche Enzym, das Oxalessigsaure zu i-Apfel 
saure hydriert, identisch ist mit der Hydrocoenzym II- Dehydrogenase (vielleicht noch iiber 
zwischenliegende Faktoren), lasst sich eine der letzten Luoken im Bilde des Gesamtabbaus der 
Zucker schliessen. Neben dem Weg iiber Oxalessigsaure diirfte genau so, wie bei Coenzym I noch 
ein Seitenweg der Dehydrierung des Hydrocoenzyms II liber ein Lactoflavinderivat (Diaphorase 
II; Haas, 1938; Adler, v. Euler, Gunther, 1939) direkt zu den Cytochromen gehen. Es ist 
wahrscheinlich, dass auch die Dehydrierung des Hydrocoenzyms II im WARBURo’schen Test 
iiber eine solche Flavin-Protein Verbindung lauft. 

Eine Stiitze fiir diese Theorie sehe ich darin, dass im Tumorgewebe, wo sowohl das die 
Oxalessigsaure hydrierende System als auch das Succinodehydrasesystem geschadigt sind 
(Brbusch 1937), sich das im Gewebe vorhandene Coenzym grossenteils in Hydrocoenzym um- 
wandelt, wie das durch Versuche von Euler, Schlenk, Heiwinkel, Hogberg (1938) tatsach- 
lich festgestellt wurde. Es kommt im Carcinomgewebe zu einer Stauung des Wasserstofftrans- 
ports an den Coenzymen. 

Schreibt man alle bekannten Tatsachen unter Annahme der Eichtigkeit der obenge- 
nannten Hypothese zusammen, so erhalt man (unter Einbeziehung des Meyerhop-Embden- 
PARNAs’schen Systems) das S. 186 wiedergegebene Schema der Atmung der Leber. 
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LEBERATMUNO. 


GLYKOGEN 

it 

( 48 ) ( 14 ) 

Glucose-1 -phosphorsaure 

it 

Fructose-1,6- ^ Glucose-B-phosphorsaure^ 
diphosphorsaure I \(^) (l®) (!•) 

Yi ▼ 

Meyerhot-Embden- Bibose-o-phosphorsaure 
Pamas-Abbau | 


(Tetrosephosphors&ure) \ 


Triosephosph. 

I 

Glycerophosphat 

i \ 

Milcfasaure ' 



COENZYM II 



Glycerinaldehyd 


Sorbit 

Zuckersaure 

d-AVeiurrure^ 


HYDKOCOENZYM II 

DEHYDROGENASE' \ ^ 

OXALESSIGSAUBE \ ^Isocitronensaure 
t-APFELSAURE 

DEHYDROGENASE (3)\ 


^ , (“) 

\ l^xybuttersiure 

ROG. 


a-Ketosfturon 


COENZYM I 
HYDROCOENZYM I 



1 (") (»•)(“) 


AMINOSAUREN -*• DlAPHOBASE 1 


\ 

\ 

FUMARASE 
/ 

lES FERMENT / 

WW («) / 

iRSAr ““ 


gelb: 
FUMARSADRE 


tt 

CYTOCHROM A?B? 




BERNSTEINSAURE 

(“) 

8UCCINODEHYDRASE 
CYTQ®OM C 


'OCHRWO: 

mil 

Wlf 

0 , 


rDASE 


DIAPHO- 
RASE II 
0 ) 


o. 
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Einige wichtige Literaturzitate (ohne Vollstandigkeit) sind bei jeder Beaktion angegeben. 
Die von mir fiir Leber festgestellten Hg-Donatoren der Oxalessigsaurereduktion sind ge- 
sperrt gedruckt. Die Bezeiohnungen der Namen des Hauptsystems des Hg-Transports sind in 
Kapitalen geschrieben. 

Der MBYBRHOP-EMBDBN-PARNAs’sche Abbauweg wird in alien Organen durchlaufen, 
wenn auch in verschiedener Starke, wie ich in einer folgenden Arbeit zeige; in manchen Organen 
unterbleiben einzelne Glieder dieses Weges, z.B. die Spaltung der Phosphobrenztraubensaure 
Oder die Phosphorylierung des Glykogens, ganz. 

Glykogen wird in der Leber (im Gegensatz zum Muskel) nicht mit nennenswerter Geschwin- 
digkeit phosphoryliert. Glykogen ist in der Leber, im Gegensatz zum Muskel, kein Hg-Donator 
der Oxalessigsaurereduktion, obwohl die aus Glykogen im Muskel rasch entstehenden phos- 
phorylierten Zucker auch in der Leber gute Hg-Donatoren sind. 

In der Leber gibt es nach dem Schema drei Abbauwoge der Kohlehydrate. Der erste ist 
die bekannte Garungsspaltung in Triosephosphorsauren, der zu Milchsaure ftihrt. Er spielt 
in der Leber, im Gegensatz zum Muskel, eine untergeordnete Rolle; Leber bildet sehr wenig 
Milchsaure (Breuboh 1939). 

Der zweite Abbauweg ist der von Warburg und Christian (1936, 1937) und von 
Dickens (1938) ausgedachte Abbauweg iiber pho'sphorylierte Zucker. Die Versuche beider 
Autoren sind hauptsachlich an Hefe gemacht worden. Dickens fand, dass Him keine Oxydation 
der Ribose-5-phosphorsaure gibt; wohl aber oxydierte Nierengewebe 2-Ketogluconsaure. Ich 
zeige in der vorliegenden Arbeit, dass Glucose-6-phosphorsaure und Ribo8e-5-phosphor- 
saure Glieder dieses Abbauwegs in der Leber sind; beide sind Hg-Donatoren der Oxalessig- 
saurereduktion. 

Der dritte Abbauweg in der Leber ist der in dieser Arbeit entdeckte Weg d- 
Glucose, d-Ribose, (Tetrose?), d,i-Glycerinaldehyd. Wahrend bei der phosphorylierten 
Reihe der Hefe nach Warburg, Christian und Dickens die phosphoryherten Glucon-und- 
Ribonsauren als Zwischenglieder festgestellt sind, ist in dieser Reihe Gluconsaure anscheinend 
kein Zwisohenglied; sie ist kein Hg-Donator der Oxalessigsaurereduktion; sie hemmt in der Leber 
sogar die Reduktion. Ob der stiickweise Abbau, der von der d-Glucose zur d-Ribose tiber eine 
WALDENSche Umkehrung am C 3 fiihren muss, von der Glucose direkt zur (sehr schwer zugang- 
liohen) Allonsaure fuhrt, die in ihrer sterisohen Konfiguration der d-Ribose entspricht, soli 
untersucht werden. Von dieser Abbaureihe ist von drei der vier beteiligten Zucker, der d-Glucose, 
d-Ribose und d,J-Glycerose ♦) bewiesen, dass sie Hg-Donatoren der Oxalessigsaurereduktion in 
der Leber sind. Damit scheint auch die von Das (1936) gefundene Spezifitat einer Glucose- 
dehydrogenase auf Coenzym II in der Leber erklart (siehe Nachtrag). 

Ein vierter A b b a u w e g existiert vielleicht in der Reihe Zuckersaure-(Ribotrio- 
xyglutarsaure)-d-Wein saure, die beide gute Hg-Donatoren der Oxalessigsaurereduktion sind. 
tJber eventuelle Zwischenglieder dieser Reihe ist bis jetzt nichts bekannt; Glucuronsiiure ist 
kein Zwisohenglied; sie ist kein Hg-Donator. 

Vom Sorbit, der ebenfalls ein guter Hg-Donator ist, geht anscheinend kein Abbauweg 
aus; Adonit, der Pentit der Ribose, ist eindeutig kein Donator; der der d,l-Weinsaure entspre- 
chende Erythrit war mir synthetisch unzuganglich; der naturliche Mesoerythrit ist kein Hg- 
Donator. 

Einzelstehende Donatoren der Oxalessigsaurereduktion sind Isocitronensaure (nicht a- 
Ketoglutarsaure), )^-Oxybuttersaure (nicht a-Oxybuttersaure), Glycerophosphat (nicht Phos- 
phoglycerins&ure). Von Isocitronensaure ist bekannt, dass sie nur iiber Coenzym II dehydriert 
wird; von jS-Oxybuttersaure, Milchsaure und Glycerophosphat war bisher nur eine Spezifitat 
Buf Coenzym I bekannt. Wenn meine Hypo these richtig ist, miissen sich auch fiir diese Sub- 
stanzen Dehydrogenasen finden lassen, die auf Coenzym II spezifisch sind. 

Das vorgelegte Schema erklart auch einen Befund von Bach (1939), dass Phloridzin den Kohle- 


*) Die Synthese von reinem d- und reinem /-Glycerinaldehyd ist mir hier nicht gelungen; ich 
rnusste deshalb das raoemische Gemisch verwenden. 
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hydratgehalt von Leberschnitten durch Verhinderung der Oxydation vermehrt; Phloridzin 
hemmt neben anderen Beaktionen die Beduktion der Oxalessigsaure, sodass die beiden Abbau* 
wege der Leber tiber phosphorylierten und nicht phoephorylierten Zucker nioht funktionieren 
iind das Kohlehydrat sich anhauft. Ich vermute, dass diese Hemmung auoh die Ursaohe der 
Fhloridzinglukosurie ist. Das ist das Atmungsbild der Leber* 

Im Musk el spielt der anaerobe Abbau iiber das MEYERHOF-EMBDEN-PARNASSche System 
die Hauptrolle. Der Abbauweg tiber GIucose-Bibose*Glyoerinaldehyd existiert im Muskel nicht; 
ob der Abbauweg tiber phosphorylierte Zucker, der von Warburg und Christian, sowie Dickens 
bisher nur ftir Hefe bewiesen wurde, im Muskel stattfindet, scheint zweifelhaft, da wohl 
Glucose-G-phosphorsaure, nicht aber Bibose-5-phosphorsaure im Muskel Hg-Donator der 
Oxalessigsaurereduktion ist. 

Ob Glucose-G-phosphorsaure oder Fructose-1, G-diphosphorsaure oder Glycerinaldehyd- 
phosphorsaure im Muskel der Donator ist, ist mit meiner Versuchsanordnung unentscheidbar, 
da sie in einem sich sehr rasoh einstellenden Gleichgewicht miteinander stehen. Es ist wahr- 
scheinlich, dass Triosephosphorsauren die Hg-Donatoren sind, da Fructose-1, G-diphosphorsaure, 
die den Triosephosphaten nahersteht als Glucose-G-phosphorsaure, ein besserer Hg-Donator ist. 
Danach ist zu vermuten, dass Glucose-G-phosphorsaure im Muskel tiberhaupt kein Donator ist, 
ebensowenig wie Glykogen, das seine Donatorfahigkeit im Muskel seiner raschen Umwandlungs- 
fahigkeit zu phosphorylierten Zuckern verdankt. 

MGglicherweise ist im Muskel nicht Oxalessigsaure, sondern Brenztraubensaure der Hg- 
Acceptor dieser Abbaureihe. 

Soweit bisher zu tibersehen, wird im Muskel (im Gegensatz zur Leber) Zucker nur tiber das 
MBYBRHOF-EMBDEN-PARNASsche System abgebaut. 

Zuckersaure und d-Weinsaure sind auch im Muskel Hg-Donatoren der Oxalessigsaure- 
reduktion. Dagegen ist Sorbit im Muskel (im Gegensatz zur Leber) kein Donator. Isocitronen- 
saure, Milchsaure, j3-Oxybuttersaure und Glycerinphosphorsaure sind (ebenso wie in der Leber) 
Hg-Donatoren. 

Insulin und Adrenalin. Ich habe im Bahmen dieser Arbeit sorgfaltig jede einzelne 
Beaktion daraufhin untersucht, ob sie sich durch Zusatz von Insulin (rein; Zn frei) oder 
Adrenalin beeinflussen liessen. Ich habe bei keiner einzigen einen Einfluss feststellen konnen, 
mit Ausnahme der vorher erwahnten in vivo Versuche bei denen Insulin die Hg-Donatoren der 
Oxalessigsaurereduktion im Muskel vennindert, wahrend Adrenalin die Hg-Donatoren in der 
Leber herabsetzt. Insulin und Adrenalin sind also sicher in keinem der Hg-Transportmecha- 
nismen limitierende Faktoren. 

12. Die Wechselregel. 

Schreibt man sich das Seite 18G angegebene Schema der Hg-Transportfolge in Zick- 
zackform, so, dass die hochmolekularen Eiweisszwischentransporteure des Hg auf die eine 
Seite, die niedrigmolekularen Transporteure des Hg auf die andere Seite kommen, so kommt 
man zu einer Begel, dass im Wasserstofftransport im Gewebeimmer einhochmolekulares,sohwer 
diffusibles, praktisch in der Zelle ortfestes Eiweiss und ein niedrigmolekularer, im Zell- 
inhalt leicht diffussibler ZwischentrSger miteinander abwechseln. 

Das nenne ich die Wechselregel. Sie versteht sich eigentlich aus physikalischen Grtinden 
von selbst. Die grossen Eiweissmolekiile der Dehydrogenasen haben meistens nur eine oder 
ganz wenige wirksame Gruppen im Molektil. Wtirde das gesamte Hg des Abbaus von einem 
Proteinmolektil direkt zum nachsten gebracht werden mtissen, so ware die Wahrscheinlichkeit 
des Zusammentreffens gerade der wirksamen Gruppen an dem grossen Eiweissmolektil sehr 
klein, die Atmung also sehr klein. 

Anders verhalt es sich dagegen, wenn kleine, sehr rasch bewegliche Molektile den Hg von 
einem Enzymprotein zfum nachsten transportieren; die Wahrscheinlichkeit von Beaktionszu- 
sammenstossen wachst dadurch betr§ohtlich. 

Diese Begel scheint von der Glucose bis zur Succinodehydrogenase zu gelten. Als Ver- 
mittler von Succinodehydrogenase zum Cytochrom o und zur Cytochromoxydase sind bis jetzt 
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2 H 


Glucosedehydrogenase < 
L 


Hydrocoenzym II Dehydrogenase 4 - 


Malicodehydrogenase 4 - 


gell>es Ferment 4 - 

I 


Succinodehydrogenase 4 - 

I 

Cytochrom c4- 

I 

Cytochromoxydase 

1 

02 

Hochrnolekulare Vermittler 


Glucose 


-►Coenzym II-Hydrocoenzym II 


-► Oxalessigsaure-i-Apfelsaure 

1 


-►Coenzym I-Hydrocoenzym I 


-► Fumarsaure-Bernsteinsaure 


- 4 ? 


Niedriginolekulare Vermittler 


keine niedrigmolekularen Vermittler bekannt. Ob solche noch gefunden werden, oder ob die 
Starke Polaritat der Eisenhaltigen Haminenzyrae auch ohne nieclrigmolekulare Zwischentrager 
geniigend Reaktionszusammenstosse erzwingt, muss noch entschieden werden. Es ist auch zu 
bedenken, dass nur vom Zucker bis zur Succinodehydrogenase wirklich Hg oder besser gesagt 
ein Protonenpaar transportiert wird, wahrend von da ab uber die eisenhaltigen Fermente 
wahrscheinlich nur noch Elektronen transportiert werden. Ein wasserlosliches Coenzym"' 
der Succinodehydrogenase wurde von Stern und Mrlnick (1938) gefunden; es ist jedoch ein 
hochmolekulares Protein. Hier hat die Wechselregel eine Lucke. 


Ergebnisse. 

1. Vom Hydrocoenzym I fuhren zwei Hauptwege zum Sauerstoff: einer iiber Dia- 
phorase I — Cytochrom a und b, und einer iiber gelbes Ferment-Succinodehydrogenase- 
Cytochrom c. Dieser letzte Weg ist, wie aus den Hemmungen der einzelnen Gewebs- 
atmungen durch Malonat ersichtlich ist, der eigentliche Haiiptweg; die Variation der 
Atmung der verschiedenen Gewebe wird durch die Variation dieses Weges verursacht. 

2. In alien Organen, die nach Breusch (1939) Oxalessigsaure reduzieren (Muskel, 
Leber, Niere, Pancreas, Him), kann der grosste Teil der Atmung durch die Oxalessig- 
saurereduktion und durch das Gegenstiick, die Oxydation der Z- Apfelsaure, getragen wer- 
den. In alien Organen, die Oxalessigsaure nicht reduzieren (Lunge, Milz, Hoden, Placenta, 
Embryo, Nerv), ist auch die Oxydation der Z- Apfelsaure 20 bis 30 mal schwacher. 

3. Es werden zwei Gruppen von grundsatzlich verschieden atmenden Geweben auf- 
gestellt; solche, die nur iiber Coenzym I (System I) atmen, und solche, die iiber Coenzym I 
und Oxalessigsaure (System II) atmen. Alle Gewebe, die iiber System I + II atmen, 
sind gute Atmer; alle, die nur iiber System I atmen, sind schlechte Atmer. 

4. Am postmortalen Atmungsabfall von Gewebebrei in EiNGERphosphatlosung 
wird gezeigt, dass dieser Abfall ebenfalls in zwei scharf getrennte Gruppen zerfallt: die 
Atmung der Organe des Systems I + II fallt postmortal rasch ab; die Atmung der 
Organe des Systems I bleibt lange konstant. 

5. Die Ursache des raschen postmortalen Abfalls der Atmung von System II liegt 
in der raschen postmortalen Inaktivierung des Enzyms, das Oxalessigsaure zu Z- Apfel- 
saure hydriert. Es ist das hdchstempfindliche bisher bekannte Atmungsenzym und zer- 
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fallt im Gewebebrei bei 88^ bereits SO min nach dem Tode auf die H&lfte; im Gewebe* 
schnitt sinkt es unter gleichen Bedingungen auf zwei drittel; das ist der Grand, warum 
Schnitte langer atmen als Brei. 

6. Das System II wird spezifisch dutch Calcium gesteuert; bereits eine Erhdhung 
des Ca von 10 auf 15 mg % setzt die Kapazitat des Systems II um 80% herab. System I 
wird auch mit 5 facher Ca-Dosis gar nicht beeinflusst. Demgemass wird nur die Organ- 
gruppe des Systems II (Muskel, Leber, Niere, Pancreas, Him), die uber Oxalessigsaure 
atmet, dutch Calcium in ihrer Atmung geschadigt, die Gruppe des Systems I dagegen gar 
nicht (Lunge, Milz, Hoden, Embryo, Placenta, Nerv). Von dieser Moglichkeit der 
Atmungssteuerung dutch Calciumveranderungen macht der Korper beim Zwang zu 
erhOhter oder emiedrigter Warmeproduktion jedoch keinen Gebrauch. 

7. Phosphat steigert in alien Geweben (als Brei in EiNOERbicarbonat) die Atmung; 
die der Organe des Systems II wird besonders gesteigert, weil Phosphat spezifisch 
die Reduktion der Oxalessigsaure zu Mpfelsaure fordert. Das Porderungsmaximum 
liegt bei 200 mg % P. 

8. In erneuter Ablehnung des KRBBs’schen Citronensaurecyclus wird nachge- 
wiesen, dass in neutraler calciumhaltiger Oxalessigsaurelosung bereits dutch Auto- 
kondensation (katalysiert dutch Calcium) Produkte entstehen, die die Pentabromaceton* 
reaktion geben, also als „Citronen8aure” mitbestimmt werden. Es wird am Tauben- 
muskel nachgewiesen, dass die einzelnen Glieder des hypothetischen Citronensaurecyclus, 
die zwangslaufig durchlaufen werden mussen, bis zu 50 mal langsamer in I-Apfelsaure 
umgewandelt werden, als Oxalessigsaure selbst. Weiter wird in anaeroben Versuchen 
nachgewiesen, dass (unter Annahme der Bichtigkeit des Cyclus) etwa 100 mal mehr 
Sauerstoff zur erzielten Oxalessigsaure-I-Apfelsaureumwandlung notig gewesen ware, 
als tatsachlich im ganzen Reaktionssystem war. Der Cyclus wird erneut als Atmungs- 
system abgelehnt. 

9. Der Einfluss von Pharmaka auf die Systeme I und II wird untersucht. System II 
ist allgemein sensibler; einige Antipyretika (Chininsulfat und Salizylat; auch Digitalin) 
greifen spezifisch am System II (Oxalessigsaurereduktion) ein. 

10. Dutch ein neues Verfahren werden die Hj-Donatoren der Oxalessigsaurere- 
duktion festgeetellt. Dabei lassen sich fiir die Leber zwei Abbauwege der Zucker 
feststellen: a) Glucose-6-phosphorsaure — Ribose-S-phosphorsaure — Triosephosphor- 
saure, und b) ein phosphorfreier Abbauweg Glucose — Ribose — Glycerinaldehyd; beide 
Reihen geben ihren Wasserstoff an Oxalessigsaure ab. Im Muskel existiert keine 
dieser Reihen. 

Es ergibt sich eine auffaUende Obereinstimmung der bisher bekannten H 2 -Donatoren 
fur Coenzym II und der hier gefundenen H^-Donatoren fiir die Reduktion der Oxalessig- 
saure. Es wird die Vermutung ausgesprochen, dass der am Coenzym II gesammelte 
Wasserstoff als Hauptreaktion von der Oxalessigsaure aufgenommen und liber Malico- 
dehydrogenase an Coenzym I weitergegeben wird. Das Enzym, das Oxalessigsaure in 
Z-Apfelsaure verwandelt, ist demnach wahrscheinlich identisch mit der Hydrocoenzym 
II-Dehydrogenase. 

11. In der Diskussion wird, auf diese Theorie aufgebaut, ein liickenloses neues 
Schema des Hg- Transports von der Glucose bis zum Sauerstoff aufgestellt. 

12. Eine Regel wird aufgestellt, dass im Hg- Transport zum Og (der Atmung) immer 
ein hochpolymerer Eiweisstrager (Dehydrase) und ein niedrigmolekularer Zwischen- 
trager (C 4 -Dicarbonsauren, Coenzyme) abwechseln. Die vermutete Regel wird als Wech- 
selregel bezeichnet. 
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loh habe die Ehre» Herm Prof. v. Euler, Stockholm, fiirreine Cozymase, Prof. Horlein von der 
I.G. Parbenindustrie fiir reines Dioj^aceton, der Firma Hoffmann-la Roche in Basel ftir Coenzym 
II vom Reinheitsgrad 0,2 und der Firma Organon, Oss, Holland, fiir 2 g reines Insulin zu danken. 
Ausserdem bin ich Herm Professor Parnas, Lwow, USSR, und Herm Professor Haurowitz, 
Istanbul, ftir guten Rat in einigen schwierigen Fragen dieser Arbeit dankbar. 
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Nachtrag bei der Korrektur: Bei neuen Versuchen hat sich die d-Allonsaure,. 
eine der beiden sterisch zur d-Ribose gehorenden Hexonsauren, als guter Hj-Donator der 
Oxalessigsaurereduktion erwiesen; ebenso d-Galactonsaure. 

Ich danke Herrn Prof. Rbichstein, Basel, fur die Uberlassung von d-Allonsaurelacton. 
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Sulle proteasi degii acidoproteoliti 

DI 

L. GOEINI 

(Labor. d% Ric. della S. A. Boniscontro e Gazzone, Torino) 

(20.111.41.) 


Gli acidoproteoliti, le cui prime specie furono scoperte da Costantino Gorini 
(1892 — 94) devono il loro nome alia seguente caratteristica comune principale, che ne fa 

un gruppo speciale di batteri differenziandoli tipicamente dagli altri batteri proteolitici: di 
attaocare oontemporaneamente le sostanze proteiche e le idrocarbonate, onde sono capaci di 
proteolizzare in ambiente acido. Gia dal 1892 agli albori della enzimologia batterica, in 
occasione dei suoi primi lavori suirargomento, C. Gorini dimostrava che il B. prodigiosum 
coagula il latte per duplice via: per acidificazione, attaccando il lattosio, e per presame e sue- 
cessiva digestione, attaccando la caseina. Successivamente diinostro le stesse propriety presso 
numerose specie batteriche sia saprofite che parassite (®). Il loro numero fu accresciuto da altri 
an tori. Lo stesso fenomeno ottenuto sul latte, venne, ottenuto anche su gelatina lattosata che, 
pure diventando acida per saccarolisi, viene liquefatta contemporaneamente (1902) (4). 

Ora, alia distanza di 50 anni, Tenzimologia batterica e sopratutto i metodi di ricerca si 
sono affinati e non mancano piibblicazioni modernissime al riguardo. Si ^ quindi imposta la 
necessitli di cimentare anche le specie acidoproteolitiche Gorini ai metodi di ricerca suddetti. 
Gi^ nel 1980 C. Gorini stesso, in collaborazione con W. Grassmann e H. Schi^bich^), 
pubblicava i risultati di ricerche eseguite in questo senso mlV Enterococcus {var, acidoproteolitica 
G.) lavorando su liquid! enzimatici ottenuti col metodo della filtrazione ’ amicrobica da lui 
inaugurate in occasione della scoperta della chimasi del B. prodigiosum (1892) (l), avendo fin 
da allora intuito la necessity ed importanza di distinguere Tattivita vitale dalla produzione 
enzimatioa che ne deriva. Venne cosi dimostrata in culture di 7 giorni la presenza di una pro- 
teinasi agente sulla caseina del latte in ambiente leggermente acido e sulla gelatina in ambiente 
neutro. Gli autori concludono non possa trattarsi di una triptasi poich^ nelle condizioni optimum 
per la tripsina non si osserva digestione n6 siilla caseina ne sulla gelatina, ma che la proteinasi 
trovata si debba classificare in una posizione intermedia tra il tipo tripsinico ed il papainico. 
Nella massa dei corpi batterici e della caseina indisciolta vien dimostrata inoltre la presenza 
di peptidasi agenti in ambiente leggermente alcalino. 

Seguendo metodi del tutto different!, lavorando cio^ sulle culture stesse e non sui liquid! 
enzimatici da queste isolati, A. Janoschek (1984) 7) si ^ pure occupato deirargomento. Egli 
ha preso in esame i seguenti ceppi acidoproteolitici: Caseoccoccus Gor, Gastrococcus Gor., Mam- 
mococcits Gor., Bacillus acidificans praesamigenes casei Gor. Culture in latte yengono seguite 
nel tempo sino ad un periodo di incubazione massima di 18 giorni, determinandone di volta 
in volta 1’ aumento di acidita e laumento della proteina digerita (N solubile in metanolo es- 
presso in % dell’N totale). A parte non rilevanti differenze quantitative tra i vari ceppi egli 
trova che partendo dal ph iniziale di 6,5 del latte sterile, la quantit^i di acido presente aumenta 
gradatamente sino a raggiungere dopo 18 giorni di incubazione un massimo di ph intorno a 4,5. 
Parallelamente aumenta pure gradatamente la quantita di proteina degerita che dopo 18 giorni 
per alcuni ceppi raggiunge sino il 50% della proteina presente. 8e per6 il latte sterile h stato 
ad arte reso piii acido prima deirinoculazione, si osserva che qualunque sia il ph di partenza, 
il massimo raggimito dopo 18 giorni di incubazione 5 sempre il medesimo, intorno a 4,5. 
Parallelamente la quantity di proteina digerita 6 gradatamente minore con Taumentare deir 
aciditli di partenza. Insomma si ha Timpressione, dicelo Janoschek, come se Tacidit^ iniziale 
del mezzo culturale aumentata ad arte, permetta ai microrganismi di sviluppare energie pro- 
teolitiche e saocarolitiche in quella stessa misura soltanto nella quale essi in analoghe condizioni 
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le gvilupperebbero ancora a partite dal momento in cui hanno raggiunto da stessi una aciditib 
analoga. L*attivit4 proteolitica dunque delle culture h ostacolata in mode crescente dairau- 
mentare della loro acidity sia prodottasi naturalmente per effetto delFincubazione, sia ottenuta 
artifioiahnente con aggiunta di soluzioni tampone prima deirinoculazione: ^ ridotta quasi a 
zero a ph 4,5, aumenta gradatamente andando verso 6,6 ed ha il suo maxima a 6,6 od oltre. 

lo, operando sui filtrati enzimatici sterili ottenuti da culture di Mavimococcus I Gor. 
(Syn. Streptococciis Uquefa4:iens) (1936) (®) ho dimostrato la presenza di proteinasi agenti nella 
zona acida anche sulla gelatina, caratteristica delle papainasi. 

Pih completamente G. Gorbaoh riusci ad analizzare il sistema proteasico degli acidopro- 
teolitici accordandolo maggiormente alia specifica loro propriety. In una serie di lavori egli 
dimostrb innanzitutto (1936) (^) che la proteinasi gi^i trovata dai precedenti ricercatori ^ atti- 
vabile con acido cianidrico e quindi sempre pih avvicinata al tipo papainico. Inoltre (1937) (1®) 
accanto alle proteinasi e peptidasi gi4 trovate dimostrb la presenza di un secondo sistema 
acidoproteasico costituito da ima acidoproteinasi e da una acidopeptidasi aventi il ph opti- 
mum in reazione nettamente acida *). Nelle sue ricerche egli impiega latte normale, non dis- 
genesico, raccolto igienicamente, fresco, inalterato e sterilizzato blandamente secondo le 
prescrizioni di C. Gorini. Generalmente invece gli autori usano come terreno di cultura un latte 
comune la cui raccolta non ^ stata curata in modo speciale e che quindi, data la sua elovata 
carica batterica, deve venir sterilizzato energicamente, denaturando conseguentemente in 
modo pih o meno profondo, in particolare il suo contenuto proteico. Evidentemente anche le 
pih piccole variazioni nelle condizioni di vita portano a corrispondenti variazioni nei rapporti 
qualitativi e quantitativi dei constituenti il sistema proteasico del microrganismo. A questo 
riguardo mette conto di notare che la proprietii di proteolizzare in ambiente acido ^ la caratte- 
ristica costitutiva degli aoidoproteoliti stessi; per6 non si infirma per nulla tale dato di fatto, 
anzi si ^ pih aderenti alia realty, se per il sistema proteasico degli acidoproteoliti, come appunto 
C. Gorini ha recentemente proposto per la classificazione degli enzimi batterici in generale, 
si sostituisce Tappellativo costitutivo coirappellativo abituale, in base al concetto che 
tutti gli enzimi propri di un microbo siano costitutivi, costituzionali, permanenti, colla semplice 
differenza quantitativa che alcuni (abituali) si manifestano in tutte le condizioni, mentre 
altri (adattivi) si manifestano solamente in alcune condizioni (1^). 

E. CoBBERi (1988) 12) in uno studio morfologico e biologico eseguito sui ceppi: Mamnio- 
coccvs Gor., Caseococcus Gor., Gastrococcvs Gor., ripronde le ricerche direttamente sulla cultura 
stessa confermando ed ampliando le conclusioni di A. Janoschek. La morfologia ed il compor- 
tamento dei vari ceppi ^ abbastanza simile per fame un gruppo particolare di cocchi caseolitici 
analoghi come vuole Gorini anzich^ altrettante specie come alcuni A. penserebbero. 11 ph massi- 
mo raggiunto dalle culture ^ di 4,4 e ci6 in un tempo massimo di 8 giorni. La proteolisi (formol- 
titolazione sec. Sorensen eseguita sulla cultura stessa) continua ad aumentare durante i primi 
21 giorni, indi prove dopo 62 giomi dimostrano che essa non si arresta ma si rallenta grandemente 
L ’acidity del mezzo alia semina del microrganismo ne influenza lo sviluppo: cosl a ph 4,4 — 4,6 
le culture stentano a svilupparsi. Ci6 ^ importante perch^ pu6 porre sotto diversa luce le osser- 
vazioni di A. Janoschek nel senso che la da lui osservata minor proteolisi in mezzi cultural! 
preventivamente acidificati, pub e deve essere ricondotta anche ad un conseguente minore 
sviluppo delle culture oltre che ad una azione ostacolante delFacidit^ sui sistema enzimatico 
da esse prodotto. 

Lasciando da parte le question! relative alia composizione qualitativa sopracoennata e 
basandomi soltanto sulle proteasi corrispondenti alle batteriche piu comuni: la proteinasi a 
tipo papainico agente in mezzo leggermente acido e le peptidasi agenti in mezzo leggermente 
alcalino, in una serie di ricerche ho voluto chiarire meglio il meccanismo di produzione e di con- 
servazione di tali enzimi in rapporto alFinvecchiamento delle culture ed al conseguente 
incremento di acidity del mezzo. Ci6 a delucidazione e completamento di quanto, dalFesame 

*) Acidopeptidasi (ma non acidoproteinasi) furono trovate recentemente da Berger, Johnson 
e Peterson in altri batteri (Jl. of Bact. 86, 521, 1938). 

Enzymologia. Vol. X, 3. , 13 
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degli studi Binora fatti Bugli acidoproteoliti^ risulta necessitare di ulteriore chiarimento. 

Da culture di Enterococcus incubate per 7 giorni e che erano sede di una evidentemente 
vivace attivitli proteolitica, C. Gorini nel lavoro gi4 citato (5) aveva ottenuto dopo filtrazione 
per candela, soluzioni enzimatiche sterili di attivitli molto piccola. lo operando nella stessa 
maniera sul Mammococcus, ottenni valori tanto bassi da rientrare quasi nelFordine di grandezza 
degli error! di esperienza. Escluso con prove preliminari che potesse trattarsi di adsorbimento 
da parte del materiale (candela Bekkefelb, amianto Seitz, membrana) usato nella filtrazione, ho 
istituite prove comparative per Btabilire se vi sia una dipendenza tra Fattivitd enzimatica del 
filtrato e TeU della cultura da cui deriva. 

E’ state cosl possibile stabilire come Fentit^ delFattivit^ proteinasica dei filtrati ottenuti, 
sia in stretta dipendenza con rincremento della concentrazione degli idrogenioni nelle culture 
da cui derivano, incremento che segue di pari passo I’invecchiamento delle culture stesse. Cosi 
culture che alFinoculazione hanno un ph intomo ai 6,5 e che al momento delFinizio della coa- 
gulazione dopo cioh 15 — 20 ore di incubazione a 87°, segnano un ph intomo ai 5, hanno date 
dei filtrati proteoliticamente molto attivi; mentre dopo 7 — 8 giomi di incubazione, il ph delle 
culture raggiunge il limite massimo di 4,5 ed i filtrati che se ne ottengono sono pressoch^ in- 
attivi. 

Infatti la zona di massima stabilita della proteinasi del Mammococctts h praticamente 
limitata tra ph 6 e ph 8; oltre questi limiti essa ^ pih o meno rapidamente distrutta. Nella zona 
acida che b quella che maggiormente ci interessa, essa 6 inattivata se ^ mantenuta a ph 4 anche 
soltanto per un’ora e perde del 50% della sua attivit^ dopo 4 giorni a ph 4,6 e del 40% dopo 
un mese a ph 5. 

Per quanto riguarda quindi la proteinasi del Mammococcus^ anche se prodotta continua- 
mente durante lo sviluppo della cultura e la conseguente autolisi delle sue cellule, come ^ di- 
mostrato dal graduale aumento della proteolisi della cultura stessa (Janobchek ?)), essa si 
viene a trovare in un ambiente sempre pih sfavorevole di mano in mano che progredisce la 
saccarolisi e quindi aumenta Tacidit^ del liquido culturale. Se di conseguenza si arresta improv- 
visamente la vita della cultura e se ne separano i corpi batterici, il liquido culturale sterile 
ottenuto sar4 nelle condizioni migliori per quanto riguarda le proteinasi se deriva da culture 
ben sviluppate ma di breve incubazione che non abbiano anoora raggiunta la massima acidity 
e cio^ che non abbiano ancora sorpassato il ph 5; praticamente quando comincia la coagulazione, 
dopo 18 — 20 ore a 37°. 

Che altri fattori, oltre Taumento delFacidit^i, non entrino durante Tinvecchiamento 
della cultura a provocare la diminuzione di attivit^ dei filtrati enzimatici che se ne ottengono, 
^ dimostrato dal fatto che se si aggiunge alia cultura del carbonato di calcio in modo da mante- 
neme il ph intomo ai 5, il filtrato enzimatico che se ne deriva si dimostra attivo anche se la 
culture stessa e stata incubata a 37° per parecchi giomi. 

NelFidentico modo ho studiato il comportamento delle peptidasi che il Mammococcus 
I.G. pure produce. 

I filtrati sterili ottenuti nel solito modo, paragonati tra loro a seconda delFet^ delle culture 
da cui derivano, dimostrano per quanto riguarda Fazione peptidasica, una attivit^ pih o meno 
grande, piii o meno evidente, sempre pero molto limitata, dipendente dal ph raggiunto dalle 
culture da cui derivano come avviene per le proteinasi. A differenza di quest’ultima pero, essi 
si dimostrano ancora attivi per quanto riguarda la dipeptidasi, anche quando derivano da cul- 
ture che abbiano raggiunto il ph di 4,6 e quindi gi^ pressoch^ inattivi per quanto riguarda la 
proteinasi. Culture invece molto giovani che danno filtrati di rilevante attivit^ proteinasica, 
sono pressoch^ inattive per le peptidasi. Insomma Fattivit^ peptidasica in rapporto alFet4 
della cultura, insorge nel liquido culturale piii tardi di quella proteinasica, ma dura pih a lungo 
semprech^ beninteso il filtrato che sia a ph 4,8 — 4,6, venga, non appena ottenuto sterile, por- 
tato con soda ad un ph oltre il 5,5. Cio per evitare che le peptidasi vengano in qualche ora 
rapidamente distrutte. 

Le conclusioni surriferite sono per5 soltanto il risultato della media di moltissime deter- 
minazioni di valori molto piccoli, non lontani dai limiti massimi degli errori di esperienza. Nello 
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intento di indagare anche per Tattivitlt peptidasica come ^ stato fatto per la proteinasica per 
quale ragione nolle condizioni date di esperienza essa si dimostri di cosi piccola entity, venne 
proven tivamente provato che ci6 in linea di massima non e dovuto ad un ostacolamento cau- 
sato dalla presenza dei prodotti di digestione come da altri fu per esempio osservato sugli en- 
zimi del lievito (13): infatti dializzando il liquido culturale si ottiene un certo vantaggio ma 
Tazione si mantiene sempre modesta. 

E* necessario ora rivolgere Tattenzione alia parte solida della cultura che nella filtrazione 
rimane sopra il filtro. Essa ^ costituita dai corpi batterici che pero nolle ordinarie culture in 
latte, risultano diluiti in una gran massa costituita dal coagulo di caseina che, specialmente 
se la cultura ^ di incubazione recente, ^ ancora quasi completamente indisciolto. Ho pensato 
allora di preparare culture usando come terreno del latte scrernato, parzialmente digerito con 
pancreatina e da cui e stata eliminata la rimanente caseina per acidificazione e filtrazione e la 
lattalbumina per ebullizione dopo aver aggiustato il ph, e successiva centrifugazione. Le culture 
Bu tale terreno, se il latte ^ stato digerito per un tempo sufficiente, raggiungono abbastanza 
celermente il ph massimo di 4,8 — 4,6, su per giii come avviene con quelle su latte ordinario. 
Certamente in questo modo si alterano le condizioni del substrato normale di vita del bacterio 
per le modificazioni introdotte sia nel contenuto protoico sia nei suoi rapporti proporzionali 
col lattosio e cogli altri componenti del latte; ma si d scelta questa via alio scopo precise di poter 
determinare I’attivit^ enzimatica dei corpi batterici stessi isolati dal liquido culturale senza la 
contemporanea presenza della caseina precipitata. Ci6, sia per lavorare su autolisati pih puri 
e sia specialmente per escludere il dubbio che gli enzimi, eventualmente trovati, fossero da ascri- 
versi non ai corpi batterici ma a quelli del liquido culturale adsorbiti dalla proteina precipitata. 

Gli autolisati ottenuti dai corpi batterici centrifugati, lavati ed uccisi con toluolo, posseg- 
gono una attivit^ dipeptidasica ingentissima e polipeptidasica pure forte benche minore, indi- 
pendentemente dalla durata dell’incubazione delle culture da cui derivano e quindi dal ph rag- 
giunto dal liquido culturale stesso. Quest ’ultimo invece, come al solito, mostra attivit^ protei- 
nasica solo se deriva da culture giovani che non abbiano ancora oltrepassato il ph 5. Gli autolisati 
dei corpi batterici posseggono una attivit^ proteinasica molto debole o che diminuisce col di- 
minuire di quella posseduta dal liquido culturale corrispondente o molto probabilmente si 
tratta di traccie di quest ’ultimo non ben dilavate dai corpi batterici stessi. 

Coordinando le precedent! osservazioni con quelle fatte sulle culture in latte normale, se 
ne deriva lo schema seguente: le proteinasi e le peptidasi costituenti il sistema enzimatico 
proteolitico del Mamviococcus I G., sono le prime ectoenzimi che passano nel liquido culturale, 
le seconde endoenzimi che rimangono nell’intemo della cellula e si trovano quindi nei corpi 
batterici. Eesta cosj dimostrata in modo definitive la spiegazione gia avanzata per VEntero- 
coccus G. (3) in correlazione a quanto A. I. Virtaneno J. Tarnanen avovano allora trovato per 
Talcalinoproteolitico B. fluorescens liquefaciens (14). Le prove infatti su latte digerito eliminano 
il dubbio che sia la caseina precipitata che per adsorbimento trattenga uno degli enzimi del 
liquido culturale. D’altra parte grazie al biochimismo speciale degli acidoproteoliti si ha qui 
una nuova dimostrazione della corrispondenza alia realta nella distinzione tra endo ed ectoen- 
zimi. Infatti si osservi che anche le peptidasi del Mammococcus I G., come le proteinasi, si 
dimostrano instabili all’azione della acidita del mezzo e a ph 4,6 vengono subito distrutte. Si 
spiega facilmente quindi come, malgrado I’inevitabile autolisi delle cellule che sin dall’inizio, 
di mano in mano vengpno a morire durante I’incubazione della cultura, sia possibile trovare 
gli enzimi nei corpi batterici e nel liquido culturale cosi nettamente distinti. Va qui ricordato 
come del resto sin da quasi 60 anni fa C: Gorini4) studiando la chimasi prodotta dal B, pro- 
digiosum, avanzasse gi^ allora I’ipotesi sull’esistenza di ectoenzimi secret! dalla cellula vivente: 
„La chimcLsi del B. prodigiosus non deve essere un prodotto delV autolisi cellulare^ infatti la capa>citd 
coagulante delle culture liberate dalle cellule per filtrazione, non aumenta con Veta delle culture stesse'\ 

Quanto sopra contribuisce a chiarire come gli acidoproteoliti possano vivere e proteolizzare 
la caseina in un ambiente che si trova ad un ph corrispondente al punto isoelettrico della caseina 
Btessa che quindi deve venire prima solubilizzata per potere entrare nell’interno della cellula 
batterica. 


3 * 
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Ho studiato altresi la resistenza dalle proteasi del Mammococcus 0. al calore. Mentre 
la proteinasi h subito distrutta completamente anche se mantenuta a 100** qualche secondo 
soltanto, la dipeptidasi, specialmente se di autolisati di recente preparazione, ^ molto piil 
stabile e non viene completamente distnitta nemmeno dopo 20 minuti di ebullizione. Lo stesso 
awiene per un riscaldamento a 80^, anzi entro determinati limit! che stanno tra gli 80"" ed i 
lOO"", non h tanto la temperatura che ha influenza quanto il tempo durante il quale la soluzione 
deirenzima vi ^ mantenuta. Nelle stesse condizioni Terepsina della pancreatina provata come 
termine di confronto viene completamente distrutta dopo un minuto a 100°. La polipeptidasi 6 
pure parzialmente resistente se di autolisati recent!, ma perde presto questa propriety e con la 
conservazione finisce per comportarsi come la proteinasi e, se riscaldata a 100°, per venir subito 
distrutta. Del resto anche la normale attivit4 polipeptidasica diminuisce grandemente e con 
celeritli. durante la conservazione degli autolisati che la contengono. 

Le culture vengono fatte su latte soremato oppure su latte parzialmente digerito con VI di 
pancreatina assoluta e dal quale ^ stato eliminata la caseina residua per acidificazione e la lattalbumina 
per ebullizione. Ambedue i terreni sono sterilizzati in autoclave a 120° per 20 minuti ed hanno un ph 
iniziale di 6,6 — 6,8. 

Le culture vengono incubate a 37° e raggiungono gradatamente I’acidit^, massima di ph 4, 8 — 4,6 
dopo 4 — 6 giomi. 

I filtrati sterili sono ottenuti centrifugando e filtrando sterilmente per Seitz e portando a ph 7. 
La dialisi at traverse tubo di cellofane 6 protratta sino a scomparsa della reazionedi Millon. Icorpi 
batterici, lavati in centrifuga con soluzione isotonica tamponata a ph7, sono autolizzati con acqua 
satura di toluolo tamponata a ph 7. 

Le prove di digestione per la proteinasi sono state fatte su gelatina 8 %, per le peptidasi sui 
peptidi corrispondenti, Meucilglicina e Meucilglicilglicina. La glicil-Meucina ^ molto meno attaccata 
della Z-leuciglicina. La forma destrogira, come d’ordinario, non ^ attaccata. La detenninazione della 
attivit^ proteolitica ^ fatta per mezzo della titolazione in presenza di formolo, indicatore fenol- 
ftaleina, seguendo il metodo descritto dal Northrop 15). 

Proteinasi nel filtrate sterile di enlture in latte 

Enzima — Filtrate sterile di culture in latte incubate a 37° per tempi different! — cc. 6. 

Substrate — Gelatina 8 % — cc. 20. 

Tampone — Citrato e fosfato. 

ph delle prove di digestione: 6,5 — Durata: 24 ore a 40°. 


culture incubate per 

ph raggiuto dalle culture 

cc. NaOH N/20 

15 ore 

5,10 

1,40 

20 „ 

5,00 

1,20 

24 

4,90 

0,96 

72 „ 

4,65 

0,11 solidif 

4 giorni (con aggiunta di CaOOj) 

5,20 

1,60 


La massima attivit^ proteinasica si risoontra dopo 15/20 ore quando la cultura ha raggiunto un ph 
intomo a 5, quindi va scemando sino ad annullarsi. Per6 Taggiunta di carbonato di calcio che non per- 
mette al ph di oltrepassare i 5, mantiene I’attivit^ proteasica anche in filtrati da culture che sono state 
incubate a 87° per 4 giomi. 

Stabilita’ delle proteinasi ai different! ph 

Enzima — Filtrato sterile da culture in latte incubate a 37° per 20 ore (ph raggiunto 5,00) portato ai 
divers! ph subito dopo la filtrazione — co. 6. 

Le prove di d^estione vennero istituite, le prime dopo 1 ora circa dalla preparazione e le altre 
dopo tempi determinati. 

Substrato — ^Gelatina 8 % — cc. 20. 

Tampone — ^Misoela di fosfati. 

ph delle prove di digestione: 6,5 — ^Durata: 24 ore a 40° 

*) C. Gorini 1* 2) aveva gi4 nel 1892 — 94 dimostrato che la chimasi del JB. Prodigiosum e di altri 

batten aoidoproteolitioi resiste a 100° C. per oltre 15 minuti, dando il prirno esempio di enzimi 
microbici coctoresistenti. 
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ph della soluzione enzimatica 
4,00 I 4,40 I 4,65 | 5,00 | 7,00 | 7,90 | 8,70 


(cc. di NaOH — consumati) 


Prova di digestione dopo 

1 

ora . . 

0,02 X 

1,00 

1,07 

1,15 i 

1,20 

1,20 

1,10 

j> ff f* i> 

10 

ft • • 

0,00 X 

0,05 X 

0,90 

1,15 

1 ,16 

1,18 

1,12 

ft t* ft ft 

4 

giomi 

0,03 X 

0,00 X 

0,60 

1,15 

1,15 

1,15 

1,10 

ft ft ft ft 

20 

ft • • 

0,00 X 

0,03 X 

0,09 X 

0,95 

1,05 

1,02 

0,95 

ft ft ft ft 

3 

mesi , 




0,30 





(le prove segnate con X sono solidificate per raffreddamento alia fine della prova stossa). 


La proteinasi non ^ stabile in ambiente acido: a ph 4 ^ distrutta dopo I ora ed a ph 4,4 
dopo 10 ore. 

Peptidasi nel filtrato sterile di culture in latte 

Enzima: filtrato sterile dializzato da culture in latte incubate a 20® per tempi different i. Cc. 0 per 
la proteinasi; cc. 3 per la dipeptidasi. 

Substrate; gelatina 8 % per la proteinasi. Meucilglicina gr. 0,00806 per la dipeptidasi. Da consu- 
marsi teorioamente per una digestione completa: cc. I NaOH N/70 

Tampone: acetato- Veronal. 

Durata della digest.: 24 ore per la protein.; 8 giomi per la dipeptidasi. 

ph delle prove; 6,5 per la protein.; 8,0 per la dipeptid. 


Culture incubate 
per 

ph raggiunto 
dalle culture 

cc. NaOH N/20 
Proteinasi 

cc. NaOH N/70 
Dipeptidasi 

18 ore 

5,90 

0,76 

0,66 

30 

5,60 

1,10 

0,53 

2 giomi 

4,90 1 

1,18 

' 0,85 

3 

4,60 

1 0,63 

0,92 

5 „ 

4,60 

0,14 solid. 

0,75 

7 ,. 

4,60 

0,05 „ 

0,25 


Mentre la massima attivit^ proteinasica si riscontra dopo 48 ore di incubazione a 20"^, 
quella dipeptidasica ^ masBima soltanto dopo 3 giomi quando gi^ il ph raggiunto dalle culture 
^ di 4,6 e dopo 7 giomi ^ ancora evidente mentra gi4 ^ ridotta a 0 quella proteinasica. 

Enzima: filtrato sterile da culture in latte incubate a 20® per tempi different!. Cc. 6 per la Protein. 
Cc. 3 per la peptid. 

Substrato: gelatina 8 % per la protein. Gr. 0,0121 Meucilglicina per la dipeptid. Teorico cc. 1,5 
NaOH N/70. 

Tampone: acetato- Veronal 

Durata della digestione: 24 ore. 

ph delle prove: 6,2 per la protein. 7,8 per la dipeptid. 


Culture incubate 
per 

ph raggiunto 
dalle culture 

cc. NaOH N/20 

1 Proteinasi 

cc. NaOH N/70 
Dipeptidasi 

17 ore 

5,40 

1,48 

0,25 

40 

4,90 

. 1,28 

0,34 

40 . 

(ucciBO con toluolo prima di 
oentrif.) 

4,90 

1,26 

1 

0,40 

72 ore 

i 

4,60 j 

0,05 solid. 

i 

0,30 
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Quando si uccide la cultura con toluolo prima di separate le cellule dal liquido culturale 
provocando Tautolisi delle stesse, Tattivit^ proteinasica rimane invariata mentre aumenta 
invece quella della dipeptidasi. 

Enzima: filtrate sterile da culture in latte, incubate a 20® per tempi different! — cc. 3. 
Substrate: Meucilglicina gr. 0,0121 per preva. Da consumarsi teoricamente per una digest, cem- 
pleta: cc. 1,5 NaOH N/70. 

Tampene: acetate- Verenal 
ph delle preve: 8,0. 


Culture 

incubate 

per 

ph raggiun 
to dalle 
culture 

i 

cc. NaOH N/70 

Non dializzato 

Dializzato 

dope I 
giorno 

dope 8 
giorni 

1 dope 1 

giorno 

dopo 8 
giorni 

20 ore 

5,90 

0,14 

0,55 

0,25 

1,19 

40 

5,40 

0,19 

0,63 

0,88 

1,11 

48 „ 

5,30 

0,20 

0,34 

0,25 

0,75 


II filtrato sterile dializzato ^ piti attiV’o del non dializzato. 


Prove su latte digerito, proteasi del corpi batteriei 


Enzima: culture su latte digerito incubate a 30® per tempi different!. 
Tampene: acetate — Veronal. 

Durata della digestioue: 24 ore. 


Culture incubate 
per 

ph raggiunto 
dalle cult 

Non dializzato 

Dializzato 

Corpi batteriei 


gelatina 8 % — ph 6,50 — cc. NaOH N/20. 

24 ore 

1 5,0 

1 1,54 

1,44 

0,13 solid. 

36 „ 

! 4,8 

1 0,75 

0,88 

0,09 

96 

1 4,8 

0,05 solid. 

0,12 solid. 

0,06 

7 giomi 

4,6 

0,15 „ 


0,00 


1 Meucilglicina gr. 0,0121 — 

ph 7,8 — cc. NaOH N/70 

24 ore 

5,0 

0,10 

0,09 

1,22 

36 

4,8 

0,14 

0,20 

1,27 

96 

4,8 

0,02 

0,00 

1,15 

7 giomi 

4,6 



1,02 


Meucilglicilglicina gr. 0,0157 

— ph 7,8 — cc. NaOH N/70. 

24 ore 

5.0 


i 

1,10 

36 

4.8 



1,15 

96 

4,8 1 



1,20 

7 giomi 

4,6 



0,98 


I corpi batteriei non hanno attivita proteinasica mentre presentano una attivit^ peptidasica 
Ingente. Mentre Tattivit^ peptidasica dei corpi batteriei rimane su per giti invariata, la proteinasi 
nel liquido culturale scompare con Tapprossimarsi a 4,6 del ph della cultura stessa. 


Stabilita’ della dipeptidasi in ambiente acido 

Enzima: 37 C autelisato dei corpi batteriei di una cultura su latte digerito incubata a 30® per 4 
giomi: ph raggiunto dalla cultura 4,80. ph della soiuzione enzimatica 6,44. 40 C autelisato dei corpi 
batteriei di ima cultura su latte digerito incubata a 30® per 9 giorni. ph raggiunto dalla cultura 5,15. 
ph della soiuzione enzimatica 6,65. 
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Substrate: gr. 0,0121 Meucilglicina. Teorico cc. 1,5 Ns OH N/70. 

Tampone: acetate- Veronal. 

Durata della digestione: ore 7 per il 87 C, ore 24 per il 40 C, ph delle prove; 7,8. 


enzima a ph 

enzima 37 C 

enzima 40 C 

mantenuto 
per 30' 

cc. NaOH N/70 

mantenuio 
per 45' 

cc. NaOH N/70 

mantenuto 
per 75' 

cc. NaOH N/70 

mantenuto 
per 2 ore 
cc. NaOH N/70 

tal. quale 

1,41 

1,50 

1,50 

1,40 

6,00 

1 ,35 




5,00 

0,85 



1,36 

4,75 


0,74 

0,62 


4,80 



0,41 

0,55 

4,00 

0,45 




3,30 


0,15 


0,02 


La dipeptidasi non 6 stabile in ambiente acido; essa ^ per 6 piii stabile della proteinasi. 


liesistenza al calore delle proteasi, attivita' su dipeptidi diversi 
Dipeptidasi. 

Enzima; IIB filtrate sterile dializzato di culture su latte incubate per 2 giorni a temp, ambiente. 
ph raggiunto: 5,05 ph della soluzione enzimatica 6,85. Usati cc. 8. 

Substrate: gr. 0,0121 Meucilglicina. Teorico cc. 1,5 NaOH N/70. 

Tampone: acetate- Veronal. 

Durata della digestione: 72 ore. 
ph delle prove: 8,2. 


tempo di ri- 
scaldamento 

temperature 

70" 

c(;. NaOH N/70 

80" 

cc. NaOH N/70 j 

90" 

cc. NaOH N/70 

100" 

cc. NaOH N/70 

0' 

0,81 

0,83 

0,70 

0,70 

30" 

0,71 

0,78 

0,69 

0,67 

1' 

0,74 

0,74 1 

0,70 

0,53 

3' 

0,73 

0,71 < 

0.70 

0,40 

5' 

0,65 

0,69 

0,65 

0,28 

7' 

0,57 

0,65 

0,65 

0,28 

10' 

0,50 

0,65 

0,56 

1 0.25 


A temperature comprese nei limiti delle prove, ed inferiori ai 100° oi6 che conta sopratutto 
h la durata del riscaldamento. 


Enzima: 34 C — 37 C — 40 C soluzioni dairautolisi dei corpi batterici di culture su latte digerito. 
Usati cc. I. 

Substrato: gr. 0,0121 Meucilglicina. 

Tampone: acetato- Veronal. 

Durata della digestione: ore 24 e ore 3. 
ph delle prove: 7,8. 


tempo di ri- 
scaldamento 
a 100" 

enzima 

34 C 
ore 3 

cc. NaOH N/70 

37 C 
ore 24 

cc. NaOH N/70 

40 C 
ore 24 

cc. NaOH N/70 

pancreatina 
ore 24 — 1,5 % 
cc. NaOH N/70 

0 

0,75 

0,95 

1,58 

1 1,50 

30" 

0,35 


0,65 

! 0,10 

3' 

1 

0,25 

0,60 

I 

5' 


0.25 

0,59 

0,04 

10' 

0,23 

0,2.S 

0,49 

0,00 

20' 

0,14 


0,46 

0,00 

a 120' per 30' 

0,00 


0,05 
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L’attivit^ si riduce a zero soltanto se si risealda in autoclave. 

Folipeptidasi. 

Enzima: 37 C — 39 C autolisati dei corpi batterici di culture su latte digerito. Usati cc. I. 
Substrate : gr. 0,0157 Meucilglicilglicina. 

Tampone: fosfato bisodico-acido citrico cc. 2. 

Durata della digestione ore 24. 
ph delle prove: 7,5. 


bollito per minuti 

39 C enzima fresco 
cc. NaOH N/70 

37 C enzima di 15 giomi 
cc. NaOH N/70 

0 

1,10 

1,13 

5'' 

0,33 

0,08 

1' 

0,34 

0,05 


La polipeptidasi di soluzioni che non siano assolutamente recenti, viene completamente 
inattivata se portata a 100^. 

Proteinasi. 

Similmente prove fatte su gelatina per la proteinasi, sono inattive quando la soluzione 
venga portata anche solo airebullizione. 

Enzima: IIB filtrato sterile dializzato da culture su latte incubate per 2 giomi a temp, ambiente. 
Usati oc. 3. 

Substrate: gr. 0,0161 di dipeptide. Teorico cc. 2 NaOH N/70. 

Tampone: acetate- Veronal, 
ph delle prove; 8,0, 


durata della digestione 

glicil-Meucina 
cc. NaOH N/70 

Meucilglicina 

I cc. NaOH N/70 

d-leucilglicina 
cc. NaOH N/70 

1 giomo 

0,33 

1,45 

0,08 

2 

0,68 



4 „ 

1,03 



6 

1,18 



8 „ 

1,43 


0,21 


Occorrono 8 giomi per ottenere la digestione completa della glicil'Z'leucina, mentre per 
la Meucilglicina essa ^ gili completa dopo I giomo nella presente prova, ma, in base alle prove 
preoedentemente riferite, anche dopo 8 ore soltanto. La d-leucilglicina non d attaccata. 

Biassnnto. 

Breve esame bibliografico delle ricercbe sul sistema proteasico dei batteri acido- 
proteoliti e ricercbe originali sulla stabibt4 di dette proteasi alPacidit^ del mezzo ed al 
calore. 

Mentre infatti e stata sufficentemente cbiarita ogni questione riguardante la com- 
posizione qualitativa di detto sistema proteasico, non altrettanto cbiaro risultava dallo 
esame delle ricercbe sinora fatte, il meccanismo di produzione e di conservazione di tali 
proteasi in rapporto all’ invecchiamento delle culture ed al conseguente incremento di 
acidity del mezzo. 

Le proteinasi e peptidasi degli acidoproteoliti non sono stabili in ambiente acido 
ed al bmite massimo di pb 4,5 raggiunto dalle culture, vengono rapidamente distrutte. 
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La diminuzione deirattivitS, proteasica delle culture incubate per parecchi giorni a 37° 
e da ascriversi a tale instability ed a essa soltanto. 

Inoltre il biochimismo speciale degli acidoproteoliti permette di dimostrare incon- 
trovertibilmente come, nel caso che ci riguarda, le proteinasi siano ecto- e le peptidasi 
endoenzimi. Infatti nei corpi batterici di culture anche vecchie si ritrovano le peptidasi 
e queste soltanto, mentre nel liquido culturale corrispondente che ha raggiunto un ph 
di 4,6, non si rivela praticamente pih alcuna attivity proteolitica ne proteinasica ne 
peptidasica. 

Le proteinasi e polipeptidasi sono subito distrutte a 100°. Non cosi la dipeptidasi 
che neirintervallo tra gli 80° ed i 100° richiede un riscaldamento di pih di 20 minuti per 
venire distrutta completamente. 

Resume* 

Bref examen bibliographique des recherches sur le systeme proteasique des bac- 
teries acidoproteolytiques et recherches originelles sur la stability des proteases susdites 
y Tacidity du milieu et y la chaleur. 

Si en effet toutes les questions qui regardent la composition qualitative du systeme 
susdit ont yty suffisamment ydaircies, on ne peut en dire autant pour ce qui regarde le 
mycanisme de production et de conservation des dites protyases par rapport au vieillisse- 
ment des cultures et y la consyquente augmentation de Tacidity du milieu. 

Les protyases et peptidases des acidoprotyoly tes ne sont pas stables dans le milieu 
acide et a la limite de ph 4,6, atteinte par les cultures, elles sont rapidement dytruites. 
La diminution de I’activity protyasique des cultures incubyes pendant plusieurs jours 
y 87° depend exclusivement de la dite instability. 

De plus le biochimisme particulier des acidoprotyoly tes permet de dymontrer d’une 
maniere evidente dans le cas present, que les proteinases sont des ecto- et les peptidases 
des endoenzymes, En effet dans les corps bactyriens de cultures quoique vieilles on 
retrouve tout de meme les pyptidases et celle-ci seulement; au contraire dans le liquide 
culturel correspondant, qui a atteint le ph 4,6, on ne constate pratiquement plus aucune 
activity proteolytique ni proteasique ni pyptidasique. 

Les protyases et polypeptidases sont immydiatement dytruites y 100°. Ceci n’est 
pas le cas pour les dipeptidases, qui entre 80° et 100° ne sont dytruites que si le chauffage 
se prolonge pendant plus de 20 minutes. 

Zusammenfassung. 

Kurzer Bericht liber die bisherigen Forschungen betreffend das Proteasesystem 
der Acidoproteolyten, sowie neue Untersuchungen liber die Stabilitat dieser Proteasen 
gegen die Aciditat der Umgebung und die Warme. 

Wahrend namlich alle die qualitative Zusammensetzung dieses Proteasesy stems 
betreffenden Pragen schon geniigend geklart worden sind, ergibt sich aus den bisherigen 
Untersuchungen noch kein eindeutiges Bild liber den Bildungs- und Erhaltungsme- 
chanismus dieser Proteasen im Zusammenhang mit dem Altem der Kulturen und der 
daraus folgenden Zunahme der Aciditat der Umgebung. 

Die Proteinasen und Peptidasen der Acidoproteolyten sind in saurer Umgebung 
nicht stabil und werden, wenn die Kultur das ph 4,6 erreicht, rasch zerstort. Die Ver- 
minderung der Protease-Aktivitat der einer mehrere Tage dauernden Inkubation bei 37° 
unterworfenen Kulturen hat ihre Ursache, und zwar ausschliesslich, in dieser Instabilitat. 

Der besondere Biochemismus der Acidoproteolyten liefert ausserdem den unum- 
stosslichen Beweis, dass es sich im vorliegenden Fall bei den Proteinasen um Ecto- und 



202 


h. GORINI 


bei den Peptidasen um Endoenzyme handelt. In den Bakterienkorpern von sogar schon 
alten Kulturen werden namlich Peptidasen, und zwar nur diese, vorgefunden, wahrend 
in der entsprechenden Kulturflussigkeit, die den ph-Wert 4,5 erreicht hat, praktisch 
keine proteolytische, und zwar weder Proteinase- noch Peptidase-Aktivitat festgestellt 
werden kann. 

Die Proteinasen und Peptidasen werden bei 100® sofort zerstort. Das gilt nicht fiir 
die Dipeptidasen, deren Zerstorung in dem Temperaturbereich zwischen 80° und 100° 
eine Erhitzungsdauer von mehr als 20 Minuten erfordert. 

Summary. 

A short bibliographical examination of the research on the proteasic system of the 
acidoproteolytic bacteria and personal research on the stability of the said proteases 
towards the acidity of the medium and towards heat. 

All question regarding the qualitative composition of the said proteasic system 
has in fact been made sufficiently clear. From the result of the examination of the re- 
searches made up to this time, the mechanism of production and of preservation of the 
said proteases, in relation to the aging of the culture and the consequent increase of 
acidity in the medium, do not appear nearly so clear, however. 

The proteinases and peptidases of the acidoproteolytes are not stable in an acid 
medium and w^hen the culture reaches the maximum limit of ph 4,5 they are rapidly 
destroyed. The decrease of proteasic activity of the cultures vrhen incubated for several 
days at 37° C, is to be ascribed to this instability and to this only. 

Besides, the particular biochemism of the acidoproteolytes permits to demonstrate 
without doubt how, in this particular case, the proteinases are ecto- and the peptidases 
are endoenzyrnes. In fact in the bacterial bodies, derived from cultures also aged, one 
finds the peptidases and there only, whilst in the corresponding cultural liquid, which 
has reached a ph of 4,5, one finds practically no more proteolitical activity, neither 
proteinasic nor peptidasic. 

The proteinases and the polypeptidases are immediately destroyed at a temperature 
of 100° C. Not so the dipeptidases which require to be heated for more than twenty 
minutes between 80° and 100° C before being completely destroyed. 

La propoBta di sostitrire Tappellativo ^abituale'' alFappellativo „coBtitutivo’* per designare 
gli enzimi microbici che si manifestano sempre, indipendentemente dal substrate, ^ stata appro- 
vata da: Abderhalden, Albers, Balls, Bamann, Bersin, Frei, Gorbach, Grimmer, Haehn, 
Hoogerheide, Karrer, Kuhn, Linderstrom-Lang, Mazza, R. Nilsson, Oppenheimer, W. H. 
Peterson e M. J. Johnson, Rondini, Schopfer, Theorbll, Waldschmidt-Leitz, Weidenhagen, 
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La cin4tique de I’^is-amylase du malt 

PAR 

G. HAMOm 

(Labor, de Biol. gSn. de la Fac. des Sc. de ViJniv. de LiSge) 
Avec 5 Fig. 

(1.VL41.) 


Introduction. 

La decouverte de la-amylase du malt a 6te faite en 1930 par Ohlsson i). Cot auteur a 
determine les conditions dans lesquelles il faut se placer pour Tisoler, ainsi quo son ph 
optimum d’activite. Des mesures osmom^triques lui out en outre permis de montrer qu’il 
hydrolysait Tamidon en donnant lieu, comme les autres a-amylases, a la formation d’une 
proportion importante de dextrines. Les travaux ulterieurs relatifs a I’a- et la jS-amylase du 
malt ont pleinement confirme ces resultats (2”^). L’etude de la cinetique de ce fennent n’a 
cependant pas encore ete abordee directement. 

Le travail que void a pour but de determiner I’influence de la concentration en 
amidon sur la vitesse d ’hydrolyse et de rechercher s’il est possible de d^celer une acti- 
vation quelconque de ce ferment par le chlorure de sodium. Ces mesures impliquent 
le dosage de tres faibles quantites de maltose en presence d ’amidon et d’un tampon. 
II fallait done d’abord disposer d’une technique adaptee aux conditions particulieres do 
nos recherches. 

I. Technique. 

Les mesures de cinetique necessitent la determination des vitesses initiales d ’hydrolyse et 
par consequent le dosage de tres faibles pouvoirs reducteurs (correspondant k quelques rngrs de 
maltose seulement). Notre choix etait limite aux micrornethodes de dosage des sucres dont les 
deux plus courantee sont la methode de Hagedorn- Jensen et la methode de Shaffer et 
SoMOGYi. La prt^mi^re de ces m6thodes a d^j^ ete appliquee k I’etude de la cin6tique de I’amylase 
du malt par Hanes Nous avons neanmoins prefer^ la methode de Shaffer et Somooyi qui 
nous paraissait plus commode. Elle n’a pas encore 6te appliquee a I’etude de la cinetique de ces 
ferments. II nous a done fallu tout d’abord adapter cette technique aux conditions de nos 
experiences. 

Application de la methode de Shaffer et Somogyi au dosage du maltose en presence 
d’amidon.La methode a 6te d6crite de fa^on d^tailMe par les auteurs Elle permet d’ob- 

tenir une precision de 1% dans le domaine de variation correspondant approxiraativement k 
nos mesures de cinetique (1 k 2,5 mgr glucose pour 5 cc de solution). Les dosages que nous aurons 
4 faire ult^rieurement ont n6cessairement lieu en presence d’un tampon et d’amidon. En ce qui 
conoeme le tampon, on a choisi des conditions telles que le ph ne diff^re gu^re du ph optimum 
du ferment et que la solution soit suffisamment tamponn6e: on a utilise un melange de phos- 
phates mono- et disodique de concentration 0,03 molaire et de ph 6,1. La concentration de Tarni- 
don 6tait de 1%. On pent negliger la diminution de concentration due au commencement de 
I’hydrolyse (qui est de I’ordre de quelques % seulement). 

Nous avons d’abord determine le temps de chauffage necessaire dans ces conditions pour 
que la reduction soit pratiquement complete; nous avons ensuite analyst I’mfluence sur I’equi va- 
lent de reduction CugO/maltose de I’addition d’amidon soluble de Zulkowsky avec et sans 
tampon. 
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Fig. 1. Determination du temps de 
chauff^e optimum au bain-marie: 
variation de ]a quantite d’oxyde 
cuivreux forme en fonotion du temps 
de chauffage en presence 'd’amidon 
soluble Merck k la concentration de 
1% (courbe A) et d’un melange 
d’amidon soluble de Zulkowsky k la 
concentration de 1 % et de phosphate 
0,03 molaire de ph 6,1 (courbe B). 


a. B^terminationdu temps decbaaffageoptimniii 
au bain-marie. Les recherches de Shapfbb et Somogyi i®) 
out montre que le maltose occiipe ime position inter- 
m6diaire entre les sucres facilement oxydables (fruc- 
tose, glucose) et ceux qui le sont plus difficilement (lac- 
tose, mannose). Nous avons par consequent utilise le 
reactif propose par oes auteurs pour les sucres s’oxy- 
dant lentement *). On ajoute 4 5 oc de ce reactif une 
solution de maltose de concentration convenable. Les 
tubes renfermant ces solutions sont places au bain-marie 
pendant des temps variables. Le dosage de la quantite 
d’oxyde cuivreux forme permet de tracer la courbe don- 
nant la variation de la reduction en fonction du temps 
et de determiner ainsi le temps de chauffage optimum. 

Ces experiences ont ete faites: a) en pr6sence d’amidon 
soluble Mebgk k la concentration de 1% ; b) en presence 
d’amidon soluble de Zulkowsky k la concentration de 
1% et de tampon phosphatique 0,08 moieculaire et de 
ph 6,1. Nous avons obtenu les resiiltats mentionnes 
dans le tableau 1. 

En I’absence de tampon, la courbe qui indique la 
quantite de CU 2 O forme en fonction du temps (fig. 1) 
presente un palier assez marque commengant ^Ipartir d’un 
temps de chauffage de 20 minutes environ. En pr6sence 
de tampon, la courbe continue a monter lentement 


TABLEAU I. 

Determination du temps de chauffage optimum. 


I. 


Amidon soluble Merck (1 %) 


II. Amidon soluble Zulkowsky (1 %) 
et tampon phosphatique 0,03 mol. et de 
ph 6,1 


Temps de 
chauffage 
en minutes 

CCS 

NagSgO, 
0,005 n 
utilises 

CCS 

lode 
0,005 n 
fix^s 

Qcu,0 

Temps de 
chauffage 
en minutes 

CCS 

NajSgOj 

0,005 n 
utilises 

CCS 

lode 
0,005 n 
fix6s 

Qcu,o 

0 

25 

0 

0 

0 

24,75 

0 

0 

10 

14,25 

10,75 

3,84 

10 

17 

7,75 

2,77 

15 

13,6 

11,4 


15 


8,4 

3 

20 

13,4 

11,6 

4,14 

18 


8,65 

3,09 

25 

13,4 

11,6 

4,14 

20 

15,9 

8,85 

3,16 

SO 

13,2 

11,8 

4,21 

22 

15,85 

8,9 

3,18 





25 

15,75 

9 

3,21 





30 

15,55 

9,20 

3,28 





35 

15,35 

9,40 

3,35 


♦) Sa formule est la suivante: Na,G03 anhydre 40 gr par litre 

Tartrate sodico-potassique 25 „ „ „ 

CUSO3 • 5 HgO 7.5 „ „ „ 

KIO, 0.1 n/I 250 cc „ „ 

KI 5 gr „ „ 
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m^me lorsqu’on prolonge le temps de chauffage jusqu*^ 35 minutes. Ceci est en conformite 
avec les r^sultats de Shaffer et Somogyi d’apr^s lesquels une diminution d’alcaiinit4 du r^actif 
ralentit I’oxydation des sucres. L’inclinaison est relativement faible et d peu pr^s coiistante ^ 
partir de 20 minutes. Nous avons par consequent decide de choisir le meme temps de chauffage 
dans les deux cas, soit 20 minutes. 


b. Influence de la presence d^amidon sur Fequivalent de reduction Cu20/maltose. 

L’amidon pent influencer le dosage du maltose de deux mani^res differentes: a) en fixant Tiode 
Iib6r4 lors de Tacidification du reactif, b) en modifiant I’equivalent de reduction CugO/maltose. 

(a) La fixation d’iode par I’amidon est sans influence sur le dosage. Nous avons 
affaire k un phenom^ne d’adsorption parfaitement reversible pour autant quo Famidon 
ne reste pas plus d’une heure en presence de la solution d’iode. On observe en effet 


que la nettete du termo ne 
se trouve pas modifiee (ii). 
La diminution correspondan- 
te de concentration en iode 


TABLEAU II. 

Quantit^a de CugO form^es en fonction do la eoncentra- 
tion en maltose avec et sans amidon de Zulkowsky. 


n’influenoe pas non plus la 
r^oxydation de I’oxyde cui- 
vreux; les resultats obtenus, 
en se conformant aux indi- 
cations de Shaffer et So- 
mogyi, se sont montres assez 
constants. 

(b) On sait d’autre part 
que des substances ne jouant 
aucun r61e au cours de la re- 
duction sont neanmoins sus- 
ceptibles de modifier I’equi- 
valent de reduction CU 2 O/ 
maltose. C’est par oxemple 


Maltose en presence d’ainidon 
Maltose pur soluble de Zulkowsky k la 

concentration de 1 % 


mgr CiaHajOn 

mgr CugO 

mgr C,jH, 20 „ 

mgr CugO 

0,7 

0,8 

0,583 

0,705 

1,4 

1,68 

0,875 

1,1 

2,33 

2,88 

1,IGG 


2,8 

3,58(>., 

1,75 

2,24 

3,5 

4,44 

2,38 

3,04 


2,G25 

3,475 


3,5 

4,G85 


le cas de Toxalate de soude 


dont la presence pendant le chauffage diminue la reduction (i^). 


Nous avons determine les courbes CugO/maltose correspundant au maltose pur et au maltose 


en presence d’amidon soluble de Zulkowsky. L’addition 
de thymol ^vitait toute alteration de ces solutions par 
les moisissures. Nous avons obtenu les valeurs suiv antes: 
(Tableau ip. 

Ces differentes valeurs se repartissent suivant deux 
droites partant approximativement du meme point 
d’origine et presentant des coefficients angulaires de 1,34 
(maltose pur, fig. 2, A) et de 1,40 (maltose en presence 
d’amidon, fig. 2, B). L’amidon soluble de Zulkowsky a 
done pour effet d’augmenter requivalent de reduction 
Cu20/maltose. II est interessant de rapprocher oes resultats 
de oeux obtenus par Hanes dans des conditions ana- 
logues avec la methode de Hagbdorn- Jensen '^). Cet 
auteur n’avait pas observe d’influence de I’amidon. II 
semble done preferable, pour des recherches ulterieures, 
de recourir k la technique que Hanes a proposes. Nous 
n’avons cependant pas cru devoir I’utiliser. II nous suf- 
fisait en effet pour nos experiences d ’activation, qui con- 
stituent le but principal de ce travail, de determiner 



une fois pour toutes la valeur de l’6quivalent de reduction ^ Determination de l’6quivalent 

correspondant aux conditions d’hydrolyse. de reduction CugO/maltose de diff6- 

c. Determination de la courbe Cii 20 /maltose rentes solutions de maltose. 
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TABLEAU III 


(en presence d’amidon de Zulkowsky a la concentration 
de 1% et de tampon phosphatique 0,08 m et de ph 6,1). 

On observe, en presence de tampon, une augmentation 
de r^quivalent de reduction que les recberohes de Shaffer 
et SoMOGYi permettaient d’ailleurs de pr4voir: ces auteurs 
ont en effet montr^ qu’une diminution d’alcalinit^ du r^ac- 
tif augmente T^quivalent de reduction. Nous avons obtenu 
les r6sultats suivants (Tableau III). 

Ces r^Bultats, traduits en oourbe (fig. 2, C), permettent 
de doser des quantit^s de maltose allant de 0,2 ^ 3,5 mgr 
dans des conditions de concentration en amidon, en tampon 
et de ph correspondants aux mesures ult^rieures de cin6ti- 
que. La variation est 4galement lin6aire, C’est cette courbe 
qui servira de base aux determinations effectuees dans la 
deuxi^me partie de ce travail. 


Quantites de CU 2 O form^es en 
fonction de la concentration 
en maltose avec amidon de 
Zulkowsky, en presence de 
tampon phosphatique. 


mgr Maltose 

mgr CugO 

0,583 

0,765 

0,875 

1,14 

1,166 

1,57 

1,75 

2,38 

2,33 

3,17 

2,625 

3,58 

3,5 

4,81 


II. La ein^tique de Fa-amylase du malt. 

a. Influence de la concentration en substrat sur la vitesse initiaJe d’hydrolyse. 
Les r^sultats que nous avons obtenus k ce sujet ne sont valables qu’en premiere approximation. 
Us sont en effet tous rapport^s k une meme courbe de reduction (correspondant k la concen- 
tration de 1% en amidon) alors que I’influence de Tamidon sur F^quivalent Cu 20 /maltose 
n^cessiterait la determination d’une serie de courbes correspondant aux diff6rentes concen- 
trations en amidon que Ton se propose d’^tudier (voir plus haut). Nous avons cependant cru 
utile de les publier parce qu’ils permettent du moins de tirer quelques conclusions d’ordre 
qualitatif int^ressantes. 

Le ferment 6tait pr6par6 a partir dela ttDiastase toutefure** Merck. On p^e exactement0,3 
gr que Ton dissout dans un mortier; on filtre k la trompe et ^tend k 100 cc. L ’Elimination de la 
j8-amylase se fait par chauffage suivant le mode opEratoire dEcrit par Ohlsbon i). Nous nous 
sommes assurEs, par des mesures polarimEtriques, que le ferment que nous avions ainsi prEpare, 
Etait bien de I’a-amylase. II pent etre conservE trEs longtemps k la glaciEre en prEsence de thymol 
sans perdre de son activitE. 

Les expEriences d’hydrolyse sont faites en prEsence de tampon phosphatique de concentration 
0,03 molaire et de ph 6,1. La tempErature du thermostat est de 36° C (± 0,1°). 

Nous avons obtenu les rEsultats suivants (Tableau IV). 

TABLEAU IV. 

Influence de la concentration en amidon sur la vitesse d’hydrolyse. 


Cone, en 
amidon 
en % 

Temps 

en 

minutes 

mgr 

Maltose 

Temps 

en 

minutes 

mgr 

Maltose 

1 Moyenne 

Temps en 
minutes 

mgr 

Maltose 

0,125 

5 

0,13 

5 


5 

0,11 


11 

0,14 

10 


11 

0,18 


17 

0,25 

15 


15 

0,22 




20 

0,30 

17 

0,25 




25 

0,35 

20 

0,30 






25 

1 0,35 

0,25 

6 

— 






12 







24 

■■ 
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TABLEAU IV (suite). 


Cone, en 
amidon 
en % 

Temps 

en 

minutes 

mgr 

Maltose 

Temps 

en 

minutes 

mgr 

Maltose 

1 Moyenne 

Temps en 
minutes 

mgr 

Maltose 

0,5 

15 

0,36 

15 


15 

0,37 


30 


30 


30 

0,66 


45 

0,88 

45 

0,92 

45 

0,90 

1 

15 

0,48 






30 

0,84 






45 

1,31 





2 

15 

0,66 






28 

1,05 




t 

3,2 

10 

0,42 






20 

0,80 






25 

0,97 





5 

6 

0,30 






15 

0,58 






20 

0,68 






Ces valenrs pennettent de tracer la oourbe d’activit^ du ferment en fonction de la concentra- 
tion en amidon (fig. 3). Nous avons mis en ordonn^e la quantity de maltose form^e apr^s 15 minutes. 
Cette courbe n’est valable, comme nous Tavons vu, qu’en premiere approximation (mesure 




Fig. 3. Courbe d’activit6 du ferment en fonction de la concentration en amidon, Les courbes de 
gauche indiquent les quantit^s de maltose form6es en fonction du temps pour diff6rentes 
concentrations en amidon. La courbe de droite donne la variation de la quantity de maltose 
form^e apr^s 15 minutes en fonction de la concentration en amidon. 
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approch^ de la vitesse initiale, influence de Famidon sur F6quivalent de reduction). Elle nous 
permet n4anmoins de faire les constatations suivanteB: 

La premike partie de la courbe correspond approximativement k la branche d’hyperbole 
6quilatke que pr6voit la th6oriedeMiCHAELis; la valeur de Kg est de 0,8 k 0,4% alors que 
Hanes avait obtenu 0,077% pour le m61ange de Fa- et la )S-amylase du malt (12). La vitesse 
d ’hydrolyse est maxima pour une concentration d’environ 2,5% et d^croit ensuite lentement 
avec la concentration. L’existence de ce maximum est trk probablement du k la diminution 
de la concentration en eau. Nelson et Schubert 12) ont en effet montr4 que la saccharase 
prkente lememe ph6nom6ne pour une concentration en sucre de 5% etqu’il est du, dans cecas, 
k la diminution de la concentration en eau. 

b. Action du chlorure de sodium sur Pactivit^ du ferment. L a-amylase du malt ne 
forme pas seulement le meme sucre que les autres a-amylases; elle donne aussi lieu, au 
cours de Fhydrolyse, k la formation d’une proportion importante de dextrines. Cette analogie 
de comportement nous a pouss^ k rechercher s’il n’^tait pas ^galement possible de dkeler une 
activation quelconque de ce ferment par le chlorure de sodium. 

Mybback 1^) a montr4 que les concentrations en ions chlore n6cessaires pour activer Famylase 
salivaire sont de Fordre de 10"^ ion-gramme/1, la concentration optimum 6tant de 1 gr/1. Comme 
nos solutions d’amidon et de ferment ne contenaient pas meme de chlore dkelable par le nitrate 
d’argent, nous avons d’abord vkifi6 si Faddition de chlorure de sodium k la concentration op- 
timum d’activation de Famylase salivaire ne modifiait pas la vitesse d’hydrolyse. Nous n’avons 
observe aucune influence. Ces r^sultats n’excluaient pas la possibility d’une activation du fer- 
ment par de trk faibles concentrations en chlore. C’est pourquoi nous avons dialysy nos solutions 
de fa^on k obtenir une yiimination aussi complete que possible des sels qu’elles contenaient. 

Dialyse de Famidon. — L’yiectrodialyse paraissait tout indiquye. L’appareil dont nous 
disposions est celui de Manegold i®), mais Femploi de cette technique pr^sente certaines diffi- 
cultk dans le cas de Famidon: il se produit un appel d’eau important (pression osmotique 
yiev^e et electro-osmose) qui oblige k rendre ce compartiment herm6tique et rend plus difficile 
Fhomogynisation de la solution par agitation. C’est la raison pour laquelle nous nous sommes 
bornys k dialyser Famidon dans des sacs en collodion: ceux-ci sont fixys par une bague de caout- 
chouc sur des bouchons en liyge paraffinys et percys d’un trou permettant le passage d’un tube 
de verre (pour le remplissage et la vidange); ils sont placys sur un support animy d’un 
mouvement de va et vient dans le sens vertical, ce qui assure une diffusion plus rapide des sels. 
On maintient une concentration suffisante d’antiseptique dans la solution d’amidon en ajoutant 
de temps en temps quelques gouttes de thymol. On suit Favancement de la dialyse par des 
mesures de conductivity. La fryquence du courant utilisy est de 1000 pyriodes par seconds. Un 
amplificateur intercaiy entre le pont et Fycouteur permet d’obtenir une plus grande prycision. 
La rysistivity de la solution d’amidon de Zulkowsky k 4% est passye de 350 k 85.000 ohms 
aprk cinq jours de dialyse; une autre expyrience poursuivie pendant vingt jours nous a donny 
la meme rysistivity finale (86.000 ohms). La faible conductivity que ces solutions conservent est 
probablement due k certains constituants ionisables de la partie non glucidique de Famidon. 

Dialyse du ferment. — Les solutions de ferment ne prysentent pas k Fyiectrodialyse 
Finconvynient constaty dans le cas de Famidon, m^me pour des concentrations yievyes (12 gr/1). 
Par contre, les variations de ph produites par le passage du courant (permyability diffyrente des 
ultrafiltres aux anions et aux cations) doivent etre fryquemment compensyes de fa 9 on k yviter 
autant que possible Faltyration du ferment. 

Dycrivons rapidement le montage utilisy. 

La syparation des diffyrents compartiments de Fappareil de Manegold est assurye par des 
ultrafiltres de Zsigmondy, fournis par la ,MemhranfiUer Gesellschaft'' de Gottingen (Ultra- 
feinfilter fein de permyability Z= 80 — 40). Les pertes que Fon observe en ultrafiltrant une 
solution de ferment k travers une membrane de cette permyability sont de Fordre de 6%. Les 
membranes moins permyables conviennent cependant moins bien: elles offrent une trop grande 
rysistance au passage du courant. Le courant continu est foumi par un redresseur branchy 
sur le ryseau alternatif de 110 volts et possydant un systyme d’uniformisation du courant con- 
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8titu6 de deux cellules self-capacit4 qui ^liminent pratiquement toute composante alternative* 
La difference de potentiel aux bomes est de 400 volts pour un debit de 5 mA et de 270 volts 
pour 60 mA. Une resistance placee en serie, du type ,,Besistograd Pilot'', permet de regler Tin- 
tensite du courant. Un milliamperemetre intercaie dans le circuit donne Tintensite du courant 
traversant la solution k dialyser. Enfin, un interrupteur coupe le courant et court-circuite en 
meme temps Tappareil 4 eiectrodialyse pour les mesures eiectrometriques de ph. 

L'ouverture du compartiment central contenant la solution de ferment est trop petite pour 
permettre Tintroduction d*un agitateur et d’une electrode destinee k mesurer le ph de la solution. 
Nous avons tourne cette difficulte en utilisant Tappareil represente dans la figure 4 (A). On 
amorce Tappareil en introduisant un peu de solution de ferment dans le godet et on le relie k 
une trompe k eau. On comprime progressivement le caoutchouc par lequel se fait Tarrivee d’air 
par la vis de reglage, jusqu’a ce que la depression obtenue dans I’appareil soit suffisante pour 
en trainer le liquide. La chaux sodee sort a 
eiiminer le COg. La depression que Ton doit 
realiser n’est que de quelques cms d’eau. 

Lorsqu’on relie directement I’appareil k la 
trompe, on est oblige d’en reduire fortement 
le debit. 11 en results une aspiration assez 
irreguliere qui necessite des modifications 
frequentes du reglage de Tappareil. Une 
amelioration considerable a ete obtenue en 
pla^ant sur le trajet de la canalisation allant k 
la trompe un flacon d’une contenance d’une 
dizaine de litres et surtout un capillaire de 
diametre convenable, (figure 4B). Cela per- 
met de fairs fonctionner la trompe k eau k 



- 

AT- canabsatton raccordee a la trompe a eau 
b . qodef pour ks> mesures de p/1, de kmpera/ure eT Ip 
prekvement du fermer^ (mesure de condudmte ) 

C - compartiment cen/roJ de/apparei! a e/ectrochafijje 
c/, Yfs de reg/atje (admission d'am) 

/ - tube remph de chaux sodee 


plein rendement et de rendre I’agitation par- 
faitement automatique. On ajoute quelques 
gouttes d’alcool octylique k la solution de 
ferment de fa 9 on k Fempecher de mousser. 
Le godet se trouvant dans le circuit du 
liquide permet de faire les prel^vements 
n4cessaires pour la mesure de la conductivity 
de la solution, de d6terminer la tempyrature 
du ferment et de faire les mesures de ph. 

Mesures de ph. Une yiectrode de verre 
du type Mac Innes l®) est introduite dans 
la solution au moment de la mesure; elle est 


caoufchon. 



a . pression iegeremenf plus joibJe cjueta pression atmosphenpue 

b. pression de Umm ae h<p 

Fig. 4. A, schyma de Fappareil servant k agiter 
la solution de ferment et a permettre d’en mesurer 
le ph. Le sens du mouvement du liquide et de Fair 
est indiquy par les flCches. B. capillaire intercaie 
entre Fappareil reprysenty en A et la trompe k eau 
de fa^on k rygulariser le mouvement du liquide. 


remplie d*HCl n/10. L’yiectrode de junction est remplie d’une solution de chlorure do 
sodium 0,1 n. Dans chacune de ces electrodes plonge un fil de platine argenty et chlorury 
selon la mythode de Brown 1^). L’ytalonnage de I’yiectrode de verre est faite par la 
mesure du potentiel d’un certain nombre de solutions tampons dont le ph a yty au 
pryalable dyterminy par Fyiectrode de Pt/Hg. La mesure de la diffyrence de potentiel aux 
bomes des yiectrodes est effectuye par un yiectromytre k deux lampes mises en paraliyie (l®) 
Rysultats. — Les premiyres yiectrodialyses que nous avons realisees ont faites k la 
tempyrature du laboratoire. L’ampyrage ytait rygle initialement k 100 mA environ et baissait 
progressivement au cours de Fexpyrience jusqu’4 20 mA environ. On corrigeait le ph de 10 en 10 
minutes environ par addition de soude 0,1 n dans le compartiment central. Les solutions de 
ferment yiectrodialysyes dans ces conditions se sont ryvyiyes entierement inactives. Nous avons 
alors travailiy k tempyrature plus basse. L*eau servant au lavage des compart iments anodique 
et cathodique ytait pryalablement portye ^ 0° C. La temperature de la solution de ferment 
est d’autant plus basse que le dybit est rapide. Celui-ci a par centre Finconvynient de diminuer 
la vitesse de dialyse en provoquant une chute de potentiel trop forte prys des yiectrodes. En 
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maintenant le fennent k une temp^ratuie de 8 4 10** C, 
on a pn obtenir une solution ayant une resistivity de 
90.000 ohms et presentant encore 8% environ de 
Tactivite initiale. 

Une modification a egalement ete apportee dans la 
compensation du ph: au lieu d’introduire la soude dans le 
compartiment contenant le ferment, nous Tavons intro- 
duite dans le compartiment anodique en Tajoutant par 
rintermediaire d’un entonnoir k robinet relie k la canali- 
sation amenant Teau distill^e lavant cette electrode. La 
compensation du ph est ainsi rendue partiellement auto- 
matique. Nous avons pu ainsi faire passer la resistivity 
de nos solutions de ferment de 2500 k 170.000 ohms en 
4 h. 1/2, et obtenu une solution presentant une activity 
largement suffisante pour nos experiences d’hydrolyse. 

L’activation de Tamylase salivaire par le chlore depend 
fortement du ph (i^). Nous avons par consequent instaure 
une serie d’experiences k differents ph. L’hydrolyse etait 
realisee en meiangeant 25 cc d’amidon soluble Merck 
dialyse, 5 cc de tampon phosphatique 0,8 m et de diffe- 
rents ph, 10 cc d’eau ou d’une solution de NaCl k la 
concentration da 5 gr/1 et 10 cc de ferment dialyse. La 
tempeiature du thermostat etait de 87° C 0,1°), 
Nous avons obtenu les resultats mentionnes dans le tableau V (figure 5). 

TABLEAU V. 


Action de NaCl la concentration de 1 gr/1 sur I’activit^ du ferment. 


ph 4,5 

ph 6 

Temps 

mgr Maltose 

Temps 

mgr Maltose 

en minutes 

sans Cl 

avec Cl 

en minutes 

sans Cl 

avec Cl 

15 

0,57 

0,61 

20 

0,72 

0,82 

30 

— 

1,23 

40 

1,34 

1,38 

45 

1,68 

1,72 

60 

2,04 

2,07 

ph 7,6 

ph 8,3 

Temps 

mgr Maltose 

Temps 

mgr Maltose 

en minutes 

sans Cl 

avec Cl 

en minutes 

sans Cl 

avec Cl 



0,45 

20 

0,26 

0,28 



0,80 

40 

0,50 

0,53 

■■ 

■■ 

1,13 

60 

0,76 



Comme on le voit, il n’y a aucune activation quel que soit le ph. II faut done 
tres probablement distinguer deux groupes d’oc-amylases: les a-amylases animales acti- 
v a hies paries sels et les a-amylases vegetales non activables. Ce second groupe com- 
prendrait Ta-amylase du malt et Tamylase extraite de Y Aspergillus oryzae dont I’activation ne 
serait pas non plus influencee par les sels (^^). Une telle classification ne peut evidemment etre 
que provisoire. Des considerations de specificity, basees sur une meilleure connaissance de la 
constitution chimique des polysaccharides, pourront seules apporter une solution definitive k 
ce probieme. 



Fig. 6. Influence du chlorure de so- 
dium k la concentration de 1 gr/litre 
sur Tactivit^ du ferment k differents 
ph. Ces courbes ont decal4es de 
10 minutes Time par rapport k I’autre 
de fa^on k rendre le graphique plus 
lisible. 
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Resume. 

Ce travail comprend deux parties. 

La premiere traite de Tapplication de la micromethode de dosage des sucres de 
Shaffer et Somogyi au dosage du maltose en presence d’amidon. La vitesse avec laquelle 
la reduction du r^actif au bain-marie a lieu depend de la nature du sucre et de la compo- 
sition du r^actif. Nous avons determine le temps optimum de reduction correspondant 
au maltose. Nous avons etudie I’influence de la presence d’ainidon sur Tequivalent de 
rMuction CugO/maltose. Nous avons fait ensuite une serie de dosages perraettant d’etablir 
la courbe dormant la quantite d’oxyde cuivreux forme en fonction de la quantite de 
maltose dans les conditions correspondant aux experiences d’hydrolyses ulterieures. 

La seconde partie est relative 5. la cin6tique de Ta-amylase du malt. Nous Tavons 
6tudiee au point de vue de I’influence de la concentration en amidon et de Taction du 
chlorure de sodium sur Tactivite du ferment. La courbe obtenue dans Tetudo de Tin- 
fluence de la concentration en amidon sur la vitesse d ’hydrolyse croit d’abord appro xi- 
mativement suivant T6quation de Michaelis; elle passe par un maximum pour une 
concentration en amidon de 2,5% et d6croit ensuite lentement. Nous avons d’autre part 
61imin6 les sels contenus dans les solutions d’amidon et de ferment de fa^on aussi com- 
pile que possible. Des mesures de conductivite permettaient de suivre constamment la 
dialyse de Tamidon et Telectrodialyse du ferment. Les hydrolyses r6alisees k partir de ces 
solutions en milieu phosphatique (tampon) ont montre que la presence de chlorure de 
sodium a la concentration d’un gr/1 ne modifiait pas Tactivite du ferment. 


1) E. Ohlsson, Zs. physiol. Chom. 180, 17 (1980). — 2) O. Edfeldt, (». Nordh, T. Swaetichm, Bioch. 
Zs. 228, 478 (1930). — 3) E. Waldschmidt-Leitz, M. Reichel, A. l^irr, Naturwiss. 20, 254 (1932). — 
4)K. V. CJiri, Current Science 2, 128 — 129 (1933). — 5) M, L. Caldwe]], S. E. Doebheliug, Jl. of Biol. 
Chem. 110, 739 (1935). — G) J. Blom, A. Bak, Bon Braae, Zs. physiol. Ohem. 250, 104 (1937). — 
7) Ch. S. Hanes, Bioclieni. Jl. 23, 99 (1929). — 8) Ph. A. Shaffer, A. F. Hartmann, Jl. of Biol. Chem. 
46, 349 (1920—21). — 9) M. Somogyi, ibid. 70, 599 (1926). — 13 ) Ph. A. Shaffer, M. Somogyi, ibid. 100, 
695 (1983). — 11) l^ Karrer, Polyrnere Kohlonhydrate, Aka»lem. Vi^rlagsgesollsch. Leipzig 1925, j). 29. 
— 12) Ch. S. Hanes, Biochem Jl. 20, 1406 (1932). — IJ) J. M. Nelson, M. P. Schubert, Jl. Amer. 
Chem. Soc. 60, 2188 (1928). — 14) K. Myrbaek, Zs. physiol. Chem. 169, 1 (1926). — 15) E. Mane- 
gold, Kolloid Zs. 78, 129 (1937). — 16) D. A. Mac Innes, D. Belcher, Jl. Amer. Chem. Soc. 63,3315 
(1931). — 17) A. S. Brown, Jl. Amer. Chem. Soc. 60, 646 (1934). — 18) M. Dubuisson, A. Debot, Arch, 
intern. Physiol. 60, 1 (1940). — 19) J. B. S. Haldane, Allgemeine Chemie der Enzyme, Steinkopff, 
Dresden und Leipzig, 1932, p. 208. 
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Some further experiments on the inhibition of 
“top-yeast phosphatase” by aneurin 

BY 


H. G. K. WE8TENBRINK and D. A. VAN DORP 

(Labor, of physiol. Chem., Vniv., Amsterdam) 

(23.VI.41.) 


In a previous paper (^) we have demonstrated that the decomposition of aneurin- 
pyrophosphate (APP) by top-yeast phosphatase is strongly inhibited by aneurin and to 
a lesser degree by the pyrimidine-half of the aneurin molecule (2-methyl-4-aminopyri- 
midyl-5-methylaminodihydrochloride, which we will further abridge to jjpyrimidyr"). 
Up to this observation no powerful inhibitors of phosphatases were known. In 1936 
Oppbnheimer 2) has given a survey of the inhibitors of the phosphatases. Many con- 
flicting observations were reported. In some cases arsenate and monoiodoacetate seem 
to induce a slight inhibition; HCN is without any influence *). Phosphate hemmen 
nach Obereinstimmung oiler Autoren.*' „Bes(mder$ starke Hemmung iiben Borate avs, was 
bei Boratpuffer zu beachten isV\ Concerning organic inhibitors, Oppbnheimer writes: 
f,Die als Spaltprodukte auftretenden Stoffe, so Glycerol, scheinen im allgemeinen keine 
Wirkung zu haben'* „Eiweissabbaustoffe hemmen stark, Glydn {in Puffergemischen) bis 
30%,*' Compared to all these statements the inhibitory action of aneurin seemed to be 
exceptionally strong and worthy of further investigation. 

As aneurin is one of the reaction-products of the decomposition of APP by the phosphatase 
it was obvious that its inhibitory effect was a case of competitive inhibition. Hence it would be 
interesting to determine the affinity of the phosphatase towards APP, other substrates and 
aneurin and the other structurally related inhibitors. It seemed possible that the affinity of the 
phosphatase towards APP and aneurin was relatively low, much lower than the affinities to- 
wards a-glycerophosphate, )S-glycerophosphate, inorganic pyrophosphate etc., substrates com- 
monly used in phosphatase studies, and that therefore one could only expect to observe the 
inhibitory action of aneurin on the phosphatase with APP as a substrate. But it seemed equally 
possible that the affinity of APP and aneurin towards the phosphatase was so great that aneurin 
would appear to be a powerful inhibitor of the action of this phosphatase in general. 

We have encountered many experimental difficulties in this work by which we became 
aware that it will not be an easy task to determine these affinity constants with reasonable 
accuracy. Provisionally personal circumstances will render it impossible for us to carry out 
these measurements, so that we wish to record our preliminary results, showing that not only 
the decomposition of APP but also that of the other substrates is inhibited by aneurin. Even 
the decomposition of a- and ^^-glycerophosphate appeared to be inhibited by smaller aneurin 
concentrations in ratio to the substrate concentrations than the decomposition of APP. So 
aneurin seems to be a general and very effective inhibitor of „top-yeast phosphatase’*. However, 
in the mean time it has been shown by the first of the present authors together with Miss E. P. 
Steyn Parv£ and J. Goudsmit (unpublished) that it is not an inhibitor of phosphatases in 
general: various tissue 'phosphatases, e.g. the phosphatases from kidney and intestinal mucosa, 
when acting on APP are not inhibited by aneurin even with a molecular ratio aneurin/ APP = 
300. As we will demonstrate below an inhibition of about 50% is observed with the „top-yea8t 
phosphatase” and a molecular ratio aneurin/substrate = 0.4 when a- or jS-glycerophosphate is 
the substrate, and a molecular ratio aneurin/APP = 7.5, when APP is the substrate. 

*) Lateron Cloetens 3) reported the inhibition of an ^alkaline*' animal phosphatase by HCN. 
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Experimental part. 

The English bakers* yeast mentioned in our previous communications (l) was employed 
throughout our work. 

The decomposition of a- and )^-glycerophosphate was studied in the common way by deter- 
mining the amounts of orthophosphoric acid liberated. These determinations were performed 
with the method of Fiske and Subbarow. 

In the beginning of our experiments the reaction-mixtures were deproteinized by trichloro- 
acetic acid. However, the addition of molybdic acid to the deproteinized filtrate often caused a 
light blue, almost white precipitate. This slight blue tint was obviously caused by reducing 
substances, present in the alkaline washed yeast and reacting with the phosphomolybdic acid 
formed. If the precipitate was not removed before adding the reducing agent it was coloured 
deep-blue. But also when it was removed another precipitate was often formed during the 
development of the blue colour. Hence we were compelled to use another method of 
removing the proteins. We tried several methods; Schenck’s method (HCl and HgClg) appeared 
to be the most adequate one, though the experiments became much more cumbersome by 
working in this way. 

However, a complication arising from the simultaneous presence of aneurin, phosphate 
and molybdate in our reaction-mixtures, remained. It is known since many years that aneurin is 
precipitated by phosphomolybdic acid, but we had not expected this fact to affect the phosphate 
determination with Fiske and Subba row’s method seriously, since the phosphate concentrations 
occurring in this method are so extremely small. With a constant molybdic acid concentration 
the phosphate concentration, at which the precipitate is formed, depends upon the aneurin 
concentration and conversely. The following example may be given : 

5 cm* of a suspension of alkaline washed yeast in citrate buffer were incubated for 1 hour at 27.5° 
C with 5.4 mg of jS-glycerophosphate (dissolved in 4 cm* of citrate buffer) and 13.4 mg of aneurin 
(dissolved in 1 cm* of citrate buffer). The ph of the reaction mixture was 3.7. We are able to estimate 
that about 50 y of inorganic phosphate-P will have been set free. 2 cm* of the mixture were pipetted 
into 4 cm* of 4 % HCl and 4 cm* of saturated HgClj. The precipitate was removed by centrifuging and 
filtering, Hg was precipitated in the filtrate by HjS. Then we centrifuged and filtered again and the 
filtrate was freed from H 2 S by leading through a stream of moist air. To 5 cm* of the clear filtrate, 
containing 1.34 mg of aneurin and about 5y of orthophosphete-P, 1 cm* of molybdate solution and 
4 cm* of water were added. A white crystalline precipitate was formed immediately. 

With larger amounts of aneurin amounts of P, still smaller than 5 y, were sufficient to give 
the precipitate. The precipitate was not observed when the j3-glycerophosphate or aneurin were 
omitted from the reaction mixture. 

From these and similar observations we came to know the largest amoimt of aneurin. which 
might be added to the reaction mixtures in which various amounts of inorganic phosphate were 
to be expected, without much chance of disturbance of the final colorimetric P-deterrninations 
by precipitated aneurinphosphomolybdate. 

Of course other possibilities to avoid this difficulty were: 1st destroying aneurin before the addit- 
ion of molybdic acid. We tried to do so by adding SOj, but the reaction -products gave a similar 
precipitate with phosphomolybdenic acid, 2nd employing another method of phosphate determin- 
ation. However, all other methods are not only much more time-devouring but they are much less 
sensitive than P'iske and Subbarow’s method. Hence we would have been compelled to use much 
higher amounts of aneurin, which would have been difficult to supply at the i)re8ent time. 

So we have persisted in employing the colorimetric method and have discarded all experi- 
ments in which precipitates had been formed. 

The final experiments were carried out in the same way as in the example given above. 

The reaction mixtures consisted of 30 mg of alkaline washed yeast in 2.5 cm* of citrate buffer; 
0.5 cm* of citrate buffer or 0.5 cm* of citrate buffer containing 1.68 mg = 0.0050 mmol of aneurin; 
2 cm* citrate buffer, containing 4.0 mg = 0.0125 mmol, of a-glycerophosphaxe 6 aq., or 2.7 mg = 0.0125 
mmol of jS-glycerophosphate. Temp.: 27.5° C; reaction time: 30 minutes; ph 3.7. 

2 mg of ascorbic acid were added as a reducing agent for the phosphomolybdic acid. 

The results are given in table I. 
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TABLE I. 



y of P set free 


Substrate 



% inhibition 

non-inhibited 

1 inhibited 

1 

a-glycerophoBphate 

46 

26 

43 

jS-giycerophosphate 

54 

26 

52 


They show that with a molecular ratio 


aneurm 


substrate 


= 0.4 the inhibition amounts to 


1 t 1 1 aneurm , “pynmidyl 

Thereupon we have determined at which molecular ratio s — p- — — and — V- — p — an 

substrate substrate 

inhibition of about 50% is found in the case of the decomposition of APP by our „top- 
yeast phosphatase”. 


Tile reaction mixtures consisted of 5 mg of alkaline washed yeast, suspended in 6 cm® of phosphate 
solution, ph 3.7; 2 cm® of phosphate solution, ph 3.7, in which 0 y, 50y and 250 y of aneurin or 500 
and 2500y of '^pyrimidyl” were dissolved respectively; 2 cm® of phosphate solution, ph 3.7, containing 
50 y of APP. Temp. 27.5° C. Immediately after mixing and after 30 minutes 2 cm® samples of the 
reaction-mixtures were pipetted into 2 cm® of 1 % trichloroacietic acid. The precipitate was removed 
by centrifuging and 2 cm® of the clear centrifugate brought to ph 6.2 and diluted to 10 cm® by adding 
m/10 phosphate buffer, ph G.2. 1 cm* samples of these solutions were used for APP determmation with 
the manometric method (Warbukg technique)!). 

The results of these experiments are given in table II. 40 — 50% inhibition is now found with 


TABLE II. 


Inhibitor 

_ mmol inhibitor 

mmol APP 

APP 

decomposed 

0/ 

/o 

inhibition 



0 

47.5 


50 y 

aneurm = 0.00015 mmol 

1.5 

40.0 

15 

250 y 

„ = 0.00075 „ 

7.5 

22.5 

50 

500 y 

“pyrimidyl” = 0.0024 „ 

24 

42.5 

10 

2500 y 

„ = 0.0120 

120 

27.5 

40 


molecular ratio’s == 7.5 and inhibition of the 

decomposition of a- and ^^-glycerophosphate is even stronger than that of the APP decom- 
position, the reaction with which we discovered the inhibitory action of aneurin and related 
compounds on phosphatase action. These determinations show that the affinity of APP to 
*‘top-yeast phosphatase’^ is higher than that of the glycerophosphates to this enzyme. And without 
having carried out exact affinity determinations we may conclude that also aneurin has a rather 
high affinity to the phosphatase. In connection with these statements the above-mentioned 
observation that animal phosphatases, while readily attacking APP, do not seem to have any 
affinity to aneurin, is still more interesting. Perhaps this is an indication that both phosphatases 
act with different mechanisms. 

The fact that aneurin inhibits much more effectively than '*pyrimidyl” is in agreement 
with Ochoa and Peters’ statement that the stimulating effect of aneurin on carboxylase action 
is about 10 times stronger than the same effect by “pyrimidyl” !), ^). 

Our thanks are due to Prof. P. E. Verkade, Delft, for samples of pure a- and )8-glyoerophosphate. 
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Sanunary. 

Aiieurin and related substances seem to be general inhibitors of top-yeast phos- 
phatase”, but not of animal phosphatases. Not only the decomposition of aneurinpyro- 
phosphate, where the phenomenon was discovered, but also that of a- and )5-glycero- 
phosphate by the ‘^top-yeast phosphatase” is strongly inhibited by aneurin. The molecu- 
lar ratio’s, at which 40 to 50 per cent inhibition was found, are the following: 


aneurm 


a- or ;8-glycerophosphate 


aneurin 


= 0.4; 


7.5; 


aneurinpyrophosphato 

2-methyl-4-aminopyrimidyl-5-methylaminodihydrochloride 

aneurinpyrophosphate 


= 120 . 


Zusammenfassung. 

Aneurin scheint im allgemeinen ein Hemmungskorper der Wirkung der „Ober- 
hefenphosphatase”, aber nicht der tierischen Phosphatasen zu sein. Nicht nur die Zer- 
setzung des Aneurinpyrophosphats, bei deren Untersuchung das Phanomen entdeckt 
wurde, sondern auch die Zersetzung des a-Glycerophosphats und des /ff-Glycerophosphats 
durch die erstgenannte Phosphatase werden durch Aneurin stark gehemmt. Die mole- 
kularen Verhaltnisse, bei denen 40 bis 50 pet Hemmung auftritt, haben die folgenden 
Werte: 

Aneurin ^ ^ 

= 0,4; 


a- Oder jS-Glycerophosphat 


Aneurin 


= 7,5; 


Aneurinpyrophosphat 

2-Methyl-4-aminopyriinidyl-5-methylaminodihydrochloride 

Aneurinpyrophoshat 


120 . 


1) H. G. K. Westenbrink, D. A. van Dorp, M. Gruber, H. Veldman, Enzymol. 9, 73 (1940); 
see also H. G. K. Westenbrink, D. A. van Dorp, Nature 145, 465 (1940). — 2) C. Oppenheimer, Die 
Fermente und ihre Wirkungen, Supplement I (1936), p. 144. — 3) R. Cloetens, Enzymol. 6, 46 (1939). 
— 4) S. Ochoa, R. A. Peters, Biochem. Jl. 82, 1501 (1938). 
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Cber den Einfluss von Phenylalkylaminen auf die 
Sauerstoffaufnahme von Himgewebe 

VON 

W. FE0ENTJE8 

(Anorg. chem. Lab., Univ., Groningen {Holland}) 

(28.VI.41.) 


§ 1. j8-Phenylisopropylamin oder Benzedrin (II) ist in den letzten Jahren wegen seiner 
pharmakologiscben Eigenschaften eingehend untersucht worden. Wegen seiner allgemein be- 
kannten blutdruckerbohenden und zentralerregenden Wirkung findet es u.a. bei der Beband- 
Irnig von Narkolepsie bei Kindem Anwendung. 



/ NpCHj— CHj— NHj 


— CHj— CH— CHa 

1 

X \ 

HO— 

1 

\ X 

1 

NHj 

\ X 


—CH— CHa--.CH, 

I 

NHjj 


II 


III 


Daneben entdeckten Quabtel nnd Mann^) neuerdings, dass die vergiftende Wirkung, 
die Tyramin (I) auf die Oj-Atmung von Hirngewebe in vitro auBiibt, durcb Benzedrin weitgebend 
gebemmt wird. 

Tyramin und viele andere Amine, die im allgemeinen Zersetzungsprodukte von nattirlicben 
Biweisskorpem und Aminosauren sind, wirken, wie Quastel 2) u.a. bereits gezeigt baben, stark 
vergiftend auf die 02-Aufnabme oder Oxydation der Glucose und anderer Metabolite im Hirn- 
gewebe. Diese Amine werden dabei oxydiert oder desaminiert; in den meisten Fallen konnte 
neben NHj ein Aldebyd oder Keton als Zersetzungsprodukt nacbgewiesen werden (2). 

Die Oxydation dieser Amine wird, der beutigen Auffassung nacb, durcb ein Enzym, die 
Monoaminoxbydrase nacb der Nomenclatur von Oppenheimbr 2®) (frtiber Tyraminoxy- 
dase), katalysiert. Die entstebenden Aldehyde oder Ketone wirken auf die weitere Oxydation 
anwesender Metabolite stark vergiftend. 

Aucb Benzedrin besitzt, wenigstens in Konzentrationen von niebr als 0,1 % einen «dm- 
bcben vergiftenden Einfluss. Wabrend aber Tyramin z.B. dabei erst desaminiert wird, konnte 
Quabtel beim Benzedrin keine Desaminierung feststellen. 

Ebensowenig koimte Blabchko^) bei der Einwirkung von Aminoxbydrasepraparaten 
auf Benzedrin und andere Isopropylaminderivate eine Oxydation feststellen. Die vergiftende 
Wirkung, die das Benzedrin austibt, muss also auf andere Ursacben zurilckgeben als beim Tyramin. 

tJberdies wirkt Tyramin im Gegensatz zum Benzedrin, das unterbalb 0,1 % beinabe wir- 
kungsloB ist, nocb bei einer Konzentration von 0,03 % stark vergiftend. 

Diese Isopropylamine werden aber nicbt nur an sicb nicbt oxydiert, sondem verbindem 
bberdies, wie Blaschko bereits bemerkte, aucb die Oxydation anderer Amine wie Tyramin. 

Nacb Quabtel sollen diese Isopropylamine imstande sein, die Aminoxbydrase in irgend- 
einer Weise zu binden und so die Oxydation anderer Amine zu verbindem, Womit sicb aucb 
erkl&rt, dass Benzedrin die vergiftende Wirkung von Tyramin auf die Metabolitoxydation im 
Himgewebe zu bemmen vermag. 

§ 2. Die Antipoden optiscb aktiver, pbarmakologiscb wirksamer Stoffe zeigen in vielen 
Fallen verscbiedene pbysiologiscbe Wirkung. Die Grosse und Art dieser Yersobiedenbeit sind 
jedocb meist weitgebend abbangig von dem pbysiolc^scben Vorgang, den man imtersucbt. In 
der Keibe der Pbenylalkylaminemit asymmetriscbem C-Atom ist von einer verscbiedenen pbysi- 
ologiscben Wirkung der optiscben Antipoden nocb wenig bekannt. 
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Am besten untersucht ist das Ephedrin, doch laufen hier die Angaben einzehier Auto- 
ren liber die Wirkungsunterschiede sehr auseinander und sind zum Teil einander wider- 
sprechend (5). 

Beim Benzedrin land Allbs in der Weckwirkung bei Kaninchen einen ziemlich grossen 
Unterschied zwischen den Antipoden. Dagegen gelang es Haubchild^) nicht, einen Unter- 
Bchied in der blutdruckerhohenden und toxischen Wirkung von dyl- und d-Benzedrin bei Mausen 
zu linden. 

Es sohien daher erwiinscht, zu untereuchen ob, erstens d- und Z-Benzedrin Unter- 
schiede in ihrer vergiftenden Wirkung auf die Og-Atmung von Hirngewebe zeigen und 
zweitens, inwiefern die hemmenden Einflusse der beiden optisch isomeren Benzedrine 
auf die vergiftende Wirkung des Tyramins auf diese Og-Aufnahme auseinandergehen. 

Auch das mit Benzedrin struktur-isomere a-Phenylpropylamin (III) ist unseres 
Wissens bis jetzt noch nicht beziiglich seines physiologisches Verhaltens gepriift worden. 
Dieses Amin wurde darum in derselben Eichtung wie das Benzedrin untersucht. 

§ 3. Die Darstellung und Spaltung des j8- Phenylisopropylamins und a-Phenylpropylamins wur- 
den friiher 7) beschrieben. 

Die Bestimmung des Oa-Verbrauchs von Hirngewebe wurde in WARBURGmanometern nach 
Dixon — Barcroft mit Luft ausgefuhrt. 

Das Hirngewebe (i 3 g), einer Cavia wurde unmittelbar in einem Morser zerrieben und mit 
soviel einer 1/45 mol., 0,9 % NaCl. enthaltenden, Phosphatpufferlosung geschiittelt, dass das Volum 
der Suspension 6 cc betrug (ph = 7,4). Ftu* jede Bestimmimg wurde von dieser Suspension 1 cc (= % S) 
in das Reaktionsgefass des Manometers pipettiert, mit dem zu untersuchenden Amin (Endkonzentra- 
tion 0,08 %) und eventuell mit Tyrawin (Endkonz. 0,07 %) versetzt. 

Die Amine wurden als Sulfate, das Tyramin als Chlorhydrat angewendet. In dem Vergleichs* 
manometergeffi-ss wurde 1 cc der Gehimsuapension bis auf ein gleiches Volum mit NaCl-Pufferlosung 
verdiinnt. Das entstandene Kohlendioxyd wurde in iiblicher Weise mittels starker Kalilauge absor- 
biert. Die Gehim-Aminmischung wurde dann wahrend imgefahr 2% Stunden im Thermostaten bei 
37® C mit konstanter Geschwindigkeit geschiittelt, bis die Oj-Aufnahme auf ungefahr 50 % des An- 
fangswertes zuriickgegangen war. Nachdem in dieser Weise die anwesenden Metabolite zum grdssten 
Teil oxydiert, und die Suspension wahrend 2% Stunden der Einwirkung der Amine ausgesetzt worden 
war, wurde Glucose zugesetzt (Endkonz. 0,05 %) und die Og-Aufnahme gemessen, wobei wahrend 2 
Stunden alle 10 bezw, 20 Minuten die Manometer abgelesen wurden. 

§ 4. Die Versuchsergebnisse sind in Tabello I zusammengestellt. Diese Tabelle enthallt 
die Werte fur die Abnahme des Og-Verbrauchs in Prozenten des Anfangswertes, d.h. unmittelbar 
nach dem Glucosezusatz *). Die Tabelle gibt die Mittelwerte von 2 oder 3 Versuchen. 

Man erkennt aus den in ihr mitgeteilten Daten, dass Benzedrin in einer Konzentration von 
0,08 % nur noch einen geringen vergiftenden Einfluss auf die Og-Aufnahme, bzw. Oxydation 
von Glucose ausiibt, wahrend dieses Amin nach Quastel in einer Konzentration von 0,1 % 
bereits sehr stark vergiftet. Ein Unterschied zwischen den optischen Isomeren konnte nicht fest- 
gestellt werden. Die gefundenen Unterschiede liegen jedenfalls innerhalb der Versuchsfehler ♦♦). 

Die Wirkung des a-Phenylpropylamins ist, wenigstens bei vergleichbarer Konzentration, 
der des Benzedrins sehr fthnlich. Sein vergiftender Einfluss auf die Og-Aufnahme ist aber offen* 
bar noch geringer ***). Dagegen hat man den Eindruck, dass die d-Eorm etwa 20% starker 
wirksam ist als die Z-Form. 

§ 5. Aus der Tabelle erkennt man weiterhin die stark vergiftende Wirkung des Tyramins f). 

*) Da es sich hier nur um eine Vergleichung der Amine und ihrer Antipoden handelt, diirften 
diese Angaben geniigen. 

**) Dieses Resultat ist in Ubereinstimmung mit den Ergebnissen Hauschilds. In wiefem 
bei diesen Isomeren ein Unterschied zu erwarten ist, ist schwierig voraus zu sagen; die Bindungsweise 
des Benzedrine an die Aminoxyhydrase ist ja unbekannt. 

•*•) Die geringere Wirksamkeit des a-Phenylpropylamins gegenuber Benzedrin ist in Uber- 
einstimmung mit der bekannten Tatsache, dass eine Versohiebung der NHj,-Gruppe vom nach 
dem a-C-Atom eine geringere physiologische Wirkung zur Folge hat. 

t) Die hier gefundene Abnahme des 02 -Verbrauchs bis auf 32 % des Anfangswertes innerhalb 
zweier Stunden ist in guter Ubereinstimmimg mit den Versuchsergebnissen von Quastel. 
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Die gefundenen Werte fiir die Abnahme des 02-Verbrauchs nach einer Stunde zeigten ziemlich 
atarke Schwankungen, die man vielleicht auf die Anwesenheit von zuvor schon in wechselnder 
Mange anwesenden Metaboliten zuriickfiihren muss . Wenn man namlich von vornherein den 
Praparaten Glucose, also viel Metabolit, zufiigt, so wirkt das Tyramin nur wenig vergiftend auf 
die Og-Aufnahme. Man findet sogar, nach Zufiigen des Tyramins, einen erhohten Og-Verbrauch, 


TABl^lLLE I 


Amine 

Abnahme des O 2 Verbrauch- 
von % g Hirngewebe in Pro 
zenten des Anfangswertes, 
nach Zusatz von Glucose 
(0,05 %), nachdem es vor- 
her W'ahrend 2^4 Stunden 
der Einwirkung der in 
dieser Tabelle erwalmten 
Amine (0,07 %) ausgesetzt 
worden ist. 

nach 

1 Stunde 

nacii 

2 Stunden 

— 

97 

95 

Tyramin 

60 

82 

d-Benzedrin 

90 

60 

i-Benzedrin 

80 

65 

d-Phenylpropylamin . . . 

80 

70 

2-Phenylpropylamin .... 

95 

85 

d,f-Benzedrin 

4- Tyramin 

80 

67 

d- Benzedrin -f- Tyramin 

77 

65 

l-Benzedrin -f- Tyramin 

82 

70 

d-Phenylpropylamin 

4- Tyramin 

75 

50 

I-Phenylpropylamin 

-f Tyramin 

80 

60 

Tyramin (4- Benzedrin*)) 

60 

33 

2-Benzedrin 

(4- Tyramin ♦*)) 

90 

70 


*) Das Benzedrin ist erst nach 2% Stunden gleich- 
zeitig mit der Glucose hinzugefugt. 

•) Das Tyramin ist nach 2% Stunden gleichzeitig 
mit der Glucose hinzugefugt. 


erne 
des Og- 


der vermutlich auf die Zersetzung des 
Tyr(vmins selbst zuriickgeht. Die unter 
diesen Umstanden entstandenen Zer- 
setzungsprodukte des Tyramins sind 
jedoch vielleicht anderer Natur als sonst, 
sie wirken wenigstens nur schwach ver- 
giftend. Versuche bei denen der 02-Ver- 
brauch eirimal bei Anwesenheit von 
Tyramin allein und andererseits mit 
Tyramin + d, Z-Benzedrin gemessen 
wurde, ergaben im ersten Falle 
zweimal schnellere Abnahme 
Verbrauchs als im zweiten, also emen 
stark hemmenden Eiiifluss von d, Ben- 
zedrin auf die vergiftende Wirkung 
des Tyramins . 

Es stollto sich weiter heraus, dass 
die beidon optisch isomeren Benze- 
drine einen ungefahr gleich starken 
derartig hemmenden Einfluss besitzen. 
Dass hier das Tyramin in seiner Wir- 
kung praktisch vollkommen ausge- 
schaltet wird, beweist wohl die Tat- 
sache, dass der 02‘Verbrauch bei An- 
wesenheit von Benzedrin mit oder ohne 
Tyramin derselbe ist. 

Auch a-Phenylpropylamin wirkt 
hemmend auf die vergiftende Wirkung 
des Tyramins, aber weniger stark als 
Benzedrin. Es ergibt sich namlich, 
dass hier die Abnahme des 02-Ver- 
brauchs bei Anwesenheit von Tyramin 
ungefahr 40% grosser ist, wahrend beim 
Benzedrin das Tjrramin keinerlei Ein- 
fluss ausubt (s.O.). 

Ebenso wie in der vergiftenden Wir- 
kung wurde auch in dem hemmenden 
Einfluss der beiden isomeren a-Phenyl- 
propylamine ein kleiner Unterschied 
gefunden und zwar hemmt das d-Iso- 
mere ungefahr 20% starker als das 
Msomere. 

Unterwirft man das Gehimprapa- 


rat erst wahrend 1 bis 2 Stunden der Einwirkung von Tyramin und fugt dann erst, gleich- 
zeitig mit der Glucose, das Benzedrin hinzu, so wirkt das Tyramin ebenso stark vergiftend 
als ohne Benzedrin. Hat man dagegen zuerst Benzedrin zugeftigt und spater Tyramin, dann 
tibt das Tyramin keinen vergiftenden Einfluss mehr auf die 02*Aufnahme aus. Diese Versuche 
bestatigen die Hypothese Quastels, dass Benzedrin die Aminoxhydrase und nicht etwa die 
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Zersetzungsprodukte des T 3 nramins zu binden vermag. (Siehe Tabelle I, die letzton zwei Versucho). 

Auch die Farbanderungen des Praparates kann man in dieser Weise deuton. Sotzt man 
namlich dem Praparat erst Tyramin zu, so farbt sich dieses ziemlich schnell braunlich, wiihrorid 
im anderen Falle, wenn man gleichzeitig Benzedrin (odor a-Phenylpropylamin) und Tyramin 
hinzufiigt, das Praparat seine urspriingliche rosa-graue Farbe behalt. 

Quastbl ®)fuhrte diese Farbanderung oder Pigment bildung auf Verunreiniguugen des 
Tyramins zurtick, da er nacliweisen kormte, dass die Entstehung von !M(4hamogIobin nicht die 
Ursache der Farbanderung war. 

Diese Auffassung Quastels ist u.E., nach dem Dargolegten, nicht selir wahrschoinlich. 
Man miisste annehmon, dass diese Dunkelfarbuiig durch irgendwelche Veruununiguiigon, auch 
dutch die Aminoxhydrase katalysiert wird, weil Benzedrin sie ja vorhindert. tJberdies stellte 
sich heraus, dass sowohl das Handelsprodukt als auch das von uns stdbst aus Tyrosin dargestellte 
und sorgfaltigst umkrystallisierte Tyramin die Gehirnpraparate gleich stark farbi(‘n. Man wird 
die Farbanderung den Oxydationsprodukten des Tyramins selbst zuschreiben mussen, was bei 
dem phenolartigen Charakter des Tyramins auch verstiindlich ware. 

§ fi. Die Einwirkung von I- und d-Benzodrin auf Darrnpraparato wmrde von P^. Brinkman 
untersucht. Ein Suspensionspriiparat von frischem Cmnadsum in TYRODElosung und Og-At- 
mosphare wurde bci 37° C der Einwirkung der Amine ausgesetzt. 

In einer Konzeiitration von 1:500.000 hatte Benzedrin koine Wirkung, hoi 1:100.000 eni- 
stand erst nach ungefiihr 20 Sekunden eine geringe Tonuserhohung, die nach oinigen Minuten 
plotzlich verschwand und von einen starken Kontraktion gefolgt wurde. I- und d-Beiizedrm 
zeigten aber auch in dieser Hinsicht wenig Unterschied *). 

Dagegen fand J. Jonxis **),dass bei dor Narkolepsiebehandlung von Kindern dJ- und d- 
Benzedrin nahezu gleiche, aber dreimal so starke Wirkung als 2-Benzedrin zeigten. Dieses Ergeb- 
nis ist in bester Uboreinstimmung mit den kurzen Bemerkungen von Alles ®). 

Zusammenfassung. 

1. d,Z-, d- und i-yS-Phenylisopropylamin (Benzedrin) zeigen weder hinsichtlich 
der Vergiftung der Glucoseoxydation in Hirngewebe, noch bezuglich der Hemmung der 
vergiftenden Wirkung von Tyramin bei dieser Oxydation, merkliche Unterschiede. 

2. a-Phenylpropylamin wirkt bei den genannten Reaktionen deutlich, aber weniger 
stark, im gleichen Sinne wie das Benzedrin. Doch erweist sich die d-Form dieses Amins 
als ungefahr 20% starker wirksam als die 1-Form. 

8. Darmpraparate werden durch d- und Z-Benzedrin gleich stark beeinflusst, dagegen 
erweisen sich bei der Behandlung von Narkolepsie bei Kindern d- und d,l-Benzedrin als 
ungefahr dreimal so wirksam wie das Wsomere. 


Herm Prof. Dr. R. Brinkman, in dessen Laboratorium die obigen Versuohe ausgefuhrt wurden, 
mochte ich fiir sein freundliches Entgegenkomnien und die Forderung meiner Arbeit auch an dieser 
Stelle bestens danken. Auch Frl. Dr. J. Vegter bin ich fur ilire Unterstutzung zu bestem Dank 
verpflichtet. 

1) J. H. Quastel, P. J. Mann, Nature 144, 943 (1939). — 2) J. H. Quastel, A. H. Wheatley, 
Biochem. Jl. 27, 1609 (1933). — 3) C. E. Pugh, J. H. Quastel, Biochem. Jl. 31, 286, 2306 (1937); 
F. J. Philpot, Biochem. Jl. 81,856(1937). — 3a) C. Oppenheimer, Die Fermentc und ihre Wirkungen, 
V.Aufl.,Supplein., Den Haag, 1939. — 4) H. Blaschko, D. Richter, H. Schlossmann, Biochem. Jl. 31, 
2187 (1937). — 6) Siehe u.a. F. Hauschild, Arch, fur exp. Path. 195, 647 (1940). — 6) G. A. Alles, 
Amer. Jl. Phys. 126, 420 (1939). — 7) F. M. Jaeger, J. A. van Dyk, Proc. Ned. Akad. v. Wetensch, 
Amsterdam 44, 26 (1941); F. M. Jaeger, W. Froentjes, ibid. 44, 21 (1941). — 8) C. E. Pugh, J. H. 
Quastel, Biochem. Jl. 81, 2309 (1937). — 9) H. Reiser, Arch, fiir exp. Path. 196, 605 (1940). 

*) H. Reiser®) hat ahnliche Beobachtungen an einem anderen Darmpraparat mit d,Z- 
Benzedrin mitgeteilt. 

**) Privatmitteilung. 
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Sur les /^’glucuronides et la /^-glucuronidase 

PAR 

M. PLOBKIN, B. CBI8MEB, 6. DUCHATEAU et B. HOUET 

(Labor, de Chimie physiol, de VTlniv. de LiSge) 

Avec 4 figures. 

(10.VL41.) 


Introdaction. 

Les organismes ont acquis au cours de revolution certaines capacites de synthase qu’on 
peut designer par la denomination gdnerale de syntheses d’excretion. Telle est la transfor- 
mation en uree, dans le foie des Mamrniferes, de I’ammoniaque resultant de la desamination 
des acides amines, ou encore la transformation de cette ammoniaque en acide urique dans le 
foie des Oiseaux. Ces syntheses representent souvent des actions antitoxiques au cours desquelles 
des corps toxiques introduits dans Torganisme ou resultant de son fonotionnement sont, par 
combinaison avec d’autres substances, incorpores k des complexes non toxiques et conduits 
sous cette forme aux organes excreteurs. C’est ce qui se produit notamment dans la conjugaison 
de diverses substances avec I’acide glucuronique,ouglucuronoconjugaison, Tune des formes 
do detoxication (ou introduction dans un complexe voud k I’exeretion) dont sont douds les or- 
ganismes des Mamrniferes. L’acide glucuronique se combine avec de nombreux alcools, phenols 
et acides aromatiques. 

La conjugaison se fait selon deux modes bien distincts. Dans les glucuronoconjuguds du type 
dther-oxyde, le groupement oxbydryle d’un alcool ou d’un pbdnol est conjugud avec Toxhydryle 
pseudoalddbydique du groupement rdducteur de I’acide glucuronique. Les corps ainsi formes 
k partir de Tacide ^-glucuronique ont beaucoup d’analogies avec les ^-glucosides; aussi les 
appelle-t-on souvent )^-glucuronides. 

Quant aux glucuronoconjuguds du type ester, ils rdsultent de I’estdrification par le grou- 
pement carboxyle d’un acide aromatique, de roxbydryle pseudoalddbydique du groupement 
rdducteur de I’acide glucuronique. Voici, pour fixer les iddes, la formule de structure d’un 
reprdsentant de cbacun des deux types de glucuronoconjuguds: 


COOH 

1 

o 

COOH 

1 

Q 


\ OC.H. 

7/1" 

inVl'’" 

\ OCOC,H, 

_jy^i 

Ih 

^OH 

Ih 

Iqh 


acide phenylglucuronique Acide benzoylglucuronique 

(j&-g]ucuronide). (ester). 


L’dtude de la glucuronoconjugaison et du metabolisme de I’acide glucuronique, question 
si importante pour la physiologic comme pour la pathologie, est encore peu avancde, surtout 
par suite de I’existence de difficuitds techniques. Nous apportons dans la deuxidme partie 
du prdsent mdmoire une contribution k la solution de ces difficuitds en ddcrivant un procddd 
photomdtrique pour le dosage des glucuronoconjuguds du type dther-oxyde (ensemble des glu- 
curonides) applicable a Turine. Dans les essais qui ont abouti d rdtablissement de cette mdthode, 
nous avons utilisd comme glucuronide typiquel’acide borndolglu cur onique. Nous ddcrivons 
dans la premidre partie de ce travail une mdthode de prdparation de ce glucuronide, que nous 
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utilisons aussi comme point de depart pour la preparation de I’acide glucuronique libre selon 
la m^thode de A. J. Quick 2»). Nous avons applique la m^thode photometrique decrite dans la 
deuxi^me partie au dosage des glucuronides sanguins et a celui de I’acide pregnandiolglucu- 
ronique urinaire: les precedes proposes pour ces dosages sont decrits dans la troisi^me et dans 
la quatri^me partie. La cinqui^me partie a trait k la mesure de Tactivite des preparations de 
j^-glucuronidase, enzyme present dans les differents tissus animaux et qui realise Thydrolyse 
des j5-glucuronides. A Taide de cet enzyme, nous avons accompli la syiitbese enzymatique de 
Facide borneolglucuronique, dans des experiences decrites dans la cinquieme partie du present 
m6moire. 


I. Preparation de Facide borneolglucuronique. 

Ce glucuronide se prepare a partir de son sel de zinc, isole des urines de chiens recovant 
du borneol avec leurs aliments. Cette m^thode, utilisee d'abord par E. Fromm et P. Clemens 
a 6t6 perfectionn^e par differents auteurs: A. J. Quick 29), J. Pryde et E. T. Williams 26), 
W. F. Goebel et F. T. Babers H) et M. Chambon 4). La methode quo nous proposons diff^re 
de ces precedes par divers perfectiormements et simplifications. Son principe est le suivant: 

1. Eecolte des urines de chiens recevant quotidiennement 5 gr. de borneol. 

2. Deflation de ces urines par Facetate de plomb neutre. 

8. Precipitation du borneolglucuronate de zinc par addition a chaud d’acetate de zinc. 

4. Transformation par acidification en acide borneolglucuronique. 

6. Purification de Facide borneolglucuronique par dissolution dans Fether, filtration et 
recristallisation. 

R^actifs. 1. Solution d ’acide acetique a 35 p. 100. 2. Solution d’ac6tate de plomb neutre 

a 5 p. 100. 8. Solution satur^e d’acetate de zinc. 4. Solution d’acide sulfurique 8,5 N. 5. Solu- 
tion de diph4nylamine a 1 p. 100 dans Facide ac6tique glacial. 6. Solution de ferricyariure de potas- 
sium k 0,5 p. 100. 7. fither sulfurique, 

B^colte des urines contenant le boradolglueuronate. On utilise des chiens de petite taille, pesant 
de 7 ^ 12 kilos, places dans des cages a m^tabolisme. On recueille quotidiennement leurs urines. Les 
chiens resolvent une alimentation mixte, inspiree du regime de Quick 30) et constitute par un melange 
de 20 gr. de samdoux, de 30 gr. de cas6ine, de 25 gr. de saccharose, do 5 gr. do levure do bi^re et de 
1 gr. de poudre d’os. On melange intimement a cette ration 5 gr. de borneol finement pulv^rist^. Lo 
gout de la substance glucuronog^nique est fortement att6nu6 par le melange avec les alinumts et les 
animaux ne refusent jamais leur nourriture. De plus, on ne note aucun sigae d’intoxication, memo 
aprds administration prolong^e du borneol. 

Separation du glucuronide d I’dtat desel de zinc impur. Les urines, acidifi^es x>ar i’acide acetique 
(papier de tournesol), subissent une d6f6cation a FacAtate de plomb neutre, qui 61iiiiine Facade urique, 
les jiigments et une s6rie d’autres substances. Pour detei miner la (juantit^ d’acetate de jiloml) ^ 
ajouter pour r^aliser une d6f6cation complete sans ajouter un trop grand extj^s d’ac6tate, on x>roc^de 
comme suit. Dans quatre tubes de centrifugeur, on pipette 2 cm® cl ’urine. Dans ces quatre tubes on 
introduit respectivement 0,1, 0,2, 0,3 et 0,4 cm® d’ac6tate de plomb. Apr^.s centrifugation, on ajoute 
dans chaque tube une goutte d’acetate de plomb pour reperer le tube correspondant la defecation 
totale. S’il se produit encore un trouble dans tous les tubes, on ajoute a chacun d’eux 0,4 cm® de solu- 
tion d’acetate de plomb et on centrifuge de nouveau, puis on refait I’epreuve de Faddition d’une 
goutte de reactif dans chacun des tubes. On determine ainsi la quantite d’acetate de jilomb qui doit 
etre ajoutee a Furine pour produire une defecation complete sans addition d’lm ex(;es de reactif. Le 
filtrat de cette defecation, recueilli dans un grand vase de Berlin, est port6 A 1 ’ebullition. On ajoute 
alors petit k petit la solution saturee d’ac6tate de zinc. II se jiroduit auasitot un abondant precipite 
cristallin de borneolglucuronate de zinc. On ajoute de Fac6tate de zinc jusqu’e. ce que la precipitation 
soit totale. A ce moment, on verse le contenu du vase de Berlin sur un fitre plat en papier poriS par 
un entonnoir de Buchner. Le precipite est lave AFeau chaude jusqu’e. elimination complete de toute 
substance coloree. Le precipite blanc recueilli sur le filtre est s6ch6 et pulv6ris6: e’est une preparation 
impure de borneolglucuronate de zinc, qui peut etre conservee iiour servir ulterieurement de materiel 
pour la preparation d’acide borneolglucuronique pur. 

Piiritication du glucuronide. Le premier temps de cette operation consiste k transformer le 
borneolglucuronate de zinc en acide borneolglucuronique. Pour cela, on dissout 100 gr. de borneolglucu- 
ronate de zinc dans 150 cm® d’acide sulfurique 3,5 N chaud. On refroidit rapidement la solution en la 
pla9ant k la glaciere. Apres quelques heures, il se forme au fond du recipient un abondant precipite 
d’acide borneolglucuronique. On recueille le pr6cipite sur un filtre plat et on le lave avec de Feau 
distiliee A O®, dans laquelle le bomeolglucuronide est peu soluble. Pour obtenir un bon rendement, il 
faut continuer le lavage du precipite jusqu’A enlevement complet de toute trace d’ion zinc, mais non 
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point au del4. Pour d^celer le zinc dans I’eau de lavage ayant traverse le filtre, on proc^de comme 
suit: dans un tube k reaction, on verse 5 gouttes d’une solution de diph^nylamine ^ 1 p: 100 dans de 
Tacide ac^tique glacial. On ajoute 5 cm* d’une solution aqueuse de ferricyanure de potassium k 
0,5 p. 100. On additionne le melange des deux r^actifs, de 2 4 5 cm* de filtrat. La reaction de detection 
du zinc est positive quand il se produit un pr4cipit6 vert. 

Le pr6cipit6 blanc recueilli sur le filtre est s6ch6 k Pair. II est finalement dissous dans Tether. La 
solution 4th6r4e est filtr^e et 4vapor4e. On 61imine ainsi les traces de substances 6trangdres non 
6th4rosolubles et notamment le born^ol qui aurait pu prendre naissance au cours des operations, k la 
suite de I’hydrolyse d’lme fraction du glucuronide. 

Bendement de la m^thode. Le rendement est excellent. On obtient, par gramme de 
bomeol, administre aux chiems, 0,85 gr. d’acide bomeolglucuronique pur. La preparation est par 
ailleurs tr^s pure. Elle se pr^sente sous Taspect de fines aiguilles prismatiques semblables k 
celles d6crites par E. Fromm et P. Clemens qui isol^rent les premiers la substance. Ces cristaux 
n’ont aucune odeur urineuse. Ils sont solubles dans Teau distillee jusqu’lt une concentration 
d’environ 2 p. 100. 

Contrairement aux solutions de preparations impures, qui sont troubles, les solutions 
du glucuronide prepare selon la methode d6crite sont parfaitement limpides. Le point de fusion 
est de 175®, correspondant k celui trouv^ par H. Hildfjbrandt I®) d’abord, et par J. Prydb 
et E. T. Williams 26) ensuite. 


n. Dosage des glueuronides urinaires. 

line s^rie de methodes ont ete proposees pour le dosage des glucuronoconjiigues urinaires. 
Les glucuronoconjugues, derives du ^-pyranose, sont comme leurs proches parents, les j5-gluco- 
sides, 16vogyres. Aussi a-t-on propose de mesurer leur concentration dans Turine par des pro- 
c4d4s polarim^triques, que rendent d’ailleurs peu applicables la forte teneur en sels de Purine 
et le fait qu’ello contient d’autres substances optiquement actives. 

Chauff^ en presence d’acide chlorhydrique a la concentration de 12 p. 100, I’acide glucu- 
ronique donne naissance k du furfural, qui peut etre distilM. C. Tollens 3^) avait d^ja, au cours 
des premiers travaux sur I’acide glucuronique, tent6 d’appliquer ce precede k son dosage.. Mal- 
heureusement, les diff^rents glucuronoconjugues fournissent des quantites differentes de furfural 
et ce dernier se d^truit au contact des acides forts. La m^thode reste imprecise et inutilisable, 
malgr4 les perfectionnements qui lui ont et6 apport4s par N. C. Pervier et E. A. Gortner 
qui ont tent^ de reduire au minimum le contact du furfural avec Tacide chlorhydrique, et par 
0. Furth et K. Peschek l®) qui ont appliqu6 au dosage du furfural forme la m6thode de 
Younburg. Nous n’avons pas nous-memes eu plus de succ^s dans une tentative d’application, 
au dosage du furfural form^, de la m^thode de G. E. Koe 3i). 

Tout aussi imprecis sont les r^sultats de la m6thode de C. Neubbrg et W. Neimann 21) 
dans laquelle on dose k T^tat de sel argentique Tacide saccharique resultant de Toxydation 
de I’acide glucuronique par le brome, sous pression. 

L’acide glucuronique libre etant r6ducteur, on a ^ plusieurs reprises utilise cette propri^td 
en vue du dosage. C'est le cas dans la methode de A. J. Quick 27) pour le dosage de Tacide 
mentholglucuronique dans Purine. L’extrait 4th6r6 de Purine y est hydrolys6 k chaud et Pacide 
glucuronique dos6 par reduction. Ce proc6de, s’il ^limine bien Pinterf^rence de diverses substan- 
ces r6ductrices insolubles dans Pother, comme les oses, ne peut etre tenu pour sp^cifique de 
Pacide mentholglucuronique puisque d’autres glucuronoconjugues dont aussi solubles dans 
1 'ether, et par ailleurs il ne dose que les glucuronoconjugues etherosolubles. 

On a aussi tente d 'adapter au dosage des glucuronoconjugues de Purine Pimportant test 
qualitatif de Pacide glucuronique qu’est la reaction de Tollens. Chauffe k 100® en presence 
de HCl et de naphtoresorcine (1 — 8 dioxynaphtaiene), Pacide glucuronique donne naissance 
a une substance bleue dont la solution etheree est bleu-violet. Appliquee k Purine, cette reaction, 
du fait de colorations developpees dans les memes conditions par d’autres constituants de Purine, 
est inutilisable en vue du dosage. Differentes methodes ont ete proposees en vue de Peiimination 
prealable de ces substances genantes. On trouvera une bibliographie de ces travaux, jusqu’4 
1981, dans un memoire de C. Nbuberg et M. Kobel 20), Aucime de ces methodes n’est applicable 




SUB LBS jS-GLUCURONIDBS ET LA jS-GLUCURONIDASE 


223 


aux urines contenant du glucose et des pentoses. Parmi les essais plus r^cents d'application 
de la reaction de Tollbns 4 I’urine, citons la m^thode de G. B. Maughan, K. A. Evelyn 
et J. S. L. Browne i®) sur laquelle nous reviendrons dans la suite. 

Nous avons mis au point un proc4de permettant le dosage suffisanunent precis, dans 
Turine, meme en presence d’acide glucuronique libre, de glucose ou de pentoses, de Tensemble 
des glucuronoconjiigu4s du type ether-oxyde, c’est a dire de la grande majority des glucurono- 
conjugu^s physiologiques. Ce precede repose sur la purification de Turine par une serie d’etapes: 
d6glucidation par la methode de D. D. van Slyke au cours de laquelle Talcalinisation 
am^ne une hydrolyse des glucuronoconjugu^s du type ester tandis que les glucuronides ne sent 
pas attaqu^s et qui enl^ve une serie de substances dont le glucose, les pentoses, I’acide glucuro» 
nique libre, etc., d6f6cation par Tacetate mercurique, qui enl^vo d’autres substances dont 
I’indirubine; traitement par I’acide sulfhydrique, qui elimine Texc^s de cuivre et de mercure 
resultant des traitements precedents. A Turine ainsi trait^e, nous appliquons la modalite de 
la reaction de Tollens proposee par Maughan, Evelyn et Browne et nous terminons par 
une mesure photometrique au moyen du photomMre de Pulfrich. 

B^actils. 

1. CuSO* k 20 p. 100. 

2. Suspension de Ca(OH )2 ^ 10 p. 100. 

B. Solution d’ac^tate mercurique A 25 p. 100. On dissout I’ac^tate mercurique dans de I’eau 
glac6e en Acrasant les gruineaux avec une baguette de verre. La solution est filtr6e et conserv^e A la 
glaciAre. 

4. HCl, D: 1,19, diluA par addition d’un volume %al d*eau. 

5. Solution de naphtor6sorcine A 0,2 p. 100 (Maughan, Evelyn et Browne 18). On fait une 
solution aqueuse de naphtorAsorcine A 2 p. 100 (Nous utilisons le produit Hoffmann — La Roche). 
Le flacon contenant la solution est laiss^ pendant 24 heures A I’Atuve A 38° et agit6 de temps A autre. 
On filtre et on conserve A I’obscuritA dans la glaciAre A 3 — 5°. Le rAactif se conserve, selon notre ex- 
perience, pendant trois semaines. 

6. Alcool A 96°. 

7. Ether prApar6 selon les indications de Maugnan, Evelyn et Browne 18). De I’etiier (produit 
Merck selon la pharmacop^e) est, irnmAdiatement avant son utilisation, lav6 avec une solution A 
1 p. 100 de sulfate ferreuxpuis avec de I’eau distillAe et sAch4 par addition de quelques cristaux de 
sulfate de sodium. 

8. Hydroxyde sodique en solution concentree. 

9. Solution de glucurone. On fait une solution de glucurone Hoffmann — La Roche A 9,07 mg 
p. 100 cm^. 1 cm® de cette solution correspond A 100 y d’acidc glucuronique. T^a solution se conserve 
en glaciAre pendant un mois. 

Preparation du filtrat de defecation. Dans un ballon de 50 cm®, on met 20 cm® d’uriiie filtr^e. 
On ajoute 10 cm® de la solution de sulfate cuivrique (R6actif 1) puis 10 cm® de la suspension d’hydro- 
xyde calcique (RAactif 2), On amdne au trait de jauge avec de I’eaii dist.ill^e, on melange et on aban- 
donne pendant une domi-heure en homog6n6isant frAquemment, puis on filtre. 20 cm® du filtrat sent 
mis dans un ballon jaugA de 25 cm®. On ajoute 4 cm® d’acAtate mercurique (RAactif B) et de I’eau 
distillAe jusqu’au trait de jauge, on mAlange et on filtre. Dans le filtrat on fait passer un courant 
d’acide sulfhydrique et on filtre sur papier Schleicher et Schull 602 e h, qui retient le prAcipitA do 
sulfures. On chasse I’excAs de HgS par barbotage d’air. 

RAaetion de coloration. Dans un tube en verre Pyrex ou Duran de 20 cm de long et de 2 cm 
de large, qu’on peut fermer au moyen d’un bouchon de verre bien rodA, on met 2 cm® du filtrat, qui 
est paxfaitement clair. On ajoute 2 cm® d’acide chlorhydrique (RAactif 4) et 2 cm® de la solution de 
naphtorAsorcine (RAactif 5). Le tube est laissA au bain-marie bouillant pendant une denii-heure, puis 
dans la glace fondante pendant 10 minutes. On ajoute alors 2 cm® d’alcool (RAactif 6) et 15 cm® d’Ather 
(RAactif 7). On bouche et on secoue vigoureusement le tube pendant une demi-minute pour extraire 
le colorant formA. Pour chaque Achantillon d’urine on doit prAparer aussi un extrait qui servira de 
solution de comparaison pour la mesure photomAtrique. Pour cela, on met dans un ballon jaugA de 
50 cm®, 20 cm® d’urine: on ajoute 5 cm® d’acide chlorhydrique (RAactif 4) et on laisse pendant une 
demi-heure au bain-marie bouillant. Tous les glucuronoconjuguAs sont ainsi hydrolysAs. AprAs refroi- 
dissement et neutralisation par une quantitA de soude (RAactif 8) Aquivalente A la quantitA d’acide 
chlorhydrique ajoutAe, on applique Ala solution le traitement dAcrit plus haut (dAfAcation et rAaotion de 
coloration). Dans le cas prAsent, le traitement par le sulfate cuivrique en milieu alcalin enlAvera 
I’acide glucuronique rAsultant de 1 ’hydrolyse des glucuronoconjuguAs. Dans chaque sArie de dAter- 
minations il faut encore Atablir la position de la droite d’Atalonnage poi^ la mesure photomAtrique. 
Pour fixer sa position, on traite de la mAme fa^on que le filtrat de dAfAcation de I’urine, des quantitAs 
de la solution de glucurone (RAactif 9) correspondant A des quantitAs d’acide glucuronique comprises 
entre 20 et 160 y: par exemple 0,6, 1,0 et 1,5 cm®, quantitAs correspondant respectiveraent A 50, 100 
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et 150 y d’acide glucuronique. On traite de ^ 

la m4me f a^on 2 cm* d’eau qui foumiront ^ 0 
Textrait qui servira de solution de compa- 
raison pour les lectures photom^triques se 
rapportant k la droite d’etalonnage. -05 

Mesurefi photom^ques. On obtient done 
dans chaque s4rie de dosages une s^rie d ’ex- 
traits correspondant aux lU'ines analys^es et .i ,0 
autant d’extraits foumis par les urines d6glu- 
curonid^es correspondantes, plus les extraits 
foumis par les quantit^s connues de glucu- j 

rone, et Textrait foumi par I’eau. On niesure 
au moyen du photom^tre de Pulfrioh (filtre 
S57; (Spaisseur 80 mm) Textincuon des ex- Fig. 1. Courbes de oouleur typique. A: Solution 

traits correspondant aux urines analys^es, aqueuse d’acide bom^olglucuronique (0,6 cm* de 

I’extrait foumi par la m5me urine d6gluou- solution k 46 mgr p. 100 cm*), solution de compa- 

ronid6e servant dans chaque cas de solution raison: eau. B: urine, solution de comparaison: eau. 

de comparaison plac6e dans I’autre cuvette C: urine, solution de comparaison: extrait foumi 

du photom^tre. Les extraits sont transf^r^s par Turine hydrolys6e. 

dans les cuvettes au moyen d’une pipette. Les 

points obtenus pour les extraits correspondant aux quantit6s connues de glucurone, I'extrait foumi 
par I’t^au distill^ servant de solution de comparaison, permettent d’6tablir la droite d’6talonnage, 
passant par Torigine (voir fig. 2), correspondant aux conditions de la d6termination. La droite 
d’6talonnage permet de calcul^r, k partir des valeurs de I'extinction lues au photom^tre, les teneurs 
en glucuronoconjugu4s du type 6ther-oxyde, exprim^es en acide glucuronique, des 4chantillons de 

filtrate de d6f^cation de Turine. Comme on a utilis6 
2 cm* de filtrat et comme 62,5 cm* de filtrat cor- 
respondent k 20 cm* d’urine, il suffit de diviser la 
valeur obtenue par 0,64 pour obtenir la teneur en 
acide glucuronique conjugu6 sous la forme 6ther- 
oxyde de 1 cm* d’urine. 

Documents justificatils. 

N^essit^ de la purification de Furine. Si 

la reaction de Tollens selon le mode adopts 
par Maughan, Evelyn et Browne 18) est 
appliquee, comme dans la m^thode de ces 
auteurs, a Turine telle quelle, la courbe de 
jr couleur typique mesur^e au photom^tre n’est 




Fig, 2. Droites d’6talonnage. En abscisses: 
quantit^s de glucurone, exprim^es en acide 
glucuronique. En ordonn^es: valeurs deEpour 
une ^paisseur de 30 mm. Solution de comparai- 
son: I’extrait fourni par I’eau distill6e trait^e 
comme la solution de glucxuone. 


pas identique k celle que fournit une solution 
d’acide glucuronique traitee de la meme fa^on. 
Les essais de recuperation rapportes dans le 
Tableau I mettent en evidence I’existence, dans 
ces conditions, d’une forte erreur par exces. 


TABLEAU I. 


Reaction de Tollens, selon Maughan, Evelyn et Bbowne, appliquee k Turine telle quelle. 
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basique (P. Maybe et C. Neuberg l®)). Cette precipitation r^sulte de la formation de glucuro- 
nate basique de plomb. L’application de la reaction de Tollbns au precipite resultant de Taction 
•de Tac^tate basique de plomb sur Turine, avec ou sans traitement pr6alable par Tacetate de 
plomb neutre, aet^proposee dej^ par differents auteurs (A. Jolles H. Roger a.. W. 
VAN DER Haar36); E.Spaeth34); q. Neuberg et M. KoBBL 20); H. B. Salt 33; etc.). Nous 
avons tente d’utiliser le proc6de decrit par Salt en appliquant au precipite obtenu la methode 
de dosage photometrique que nous avons adoptee. La courlx^ de couleur typique a encore 
differente de celle que donne une solution d’acide glucuronique et les essais de recuperation 
ont 6t6 tr^s d^cevants. Nous n’avons retrouve que 50 p. 100 environ de Tacide glucuronique 
ajout6 k Turine. Nous avons pu nous assurer par ailleurs, do ce que cette jnirification n'^limine 
pas les pentoses, comme le montre le fait que Taddition de faibles concentrations d’arabinose 
ou de xylose modifier la courbe de couleur typique. L’addition des memes pentoses a Turine 
k la concentration de 1 p. 100 provoque en depit de la purification tentee, une coloration noiratre. 

Justification de la technique de purification adoptee, a) La d6glucidation. — 
Pour fixer les quantites de CuS()4 et de Ca(OH)2 k aj outer a Turine, nous avons, le volume 
final etant amene a 50 cm®, fait Tessai de differentes proportions des reactifs et de Turine et 
etudie la recuperation de Tacide borneolglucuronique ajoute. 

Les resultats sont r^unis dans le tableau II, qui justifie Taddition ^ 20 cm® d ’urine, do 10 
•cm® de CUSO4 et de 10 cm® de Ca(OH)2, le volume final etant finalement amene a 50 cm® dans 
un ballon jaug^. Dans ces conditions, comme nous Tavons verifie, la recuperation est satisfai- 
sante et le precipite qui n’entraine pas Tacide borneolglucuronique enl^ve parnii differentes 
substances le glucose (jusqu’a concurrence de 20 gr. p. litre), les pentoses et Tacide glucuionique 
libre. Cependant la courbe de couleur typique diff^re encore de celle que fournit Tacid(‘ glucu- 
ronique. 

TABLEAU II. 


Essai^de d6glucidation avec differentes quantit6s d’urine, do CuSO^ (R6aclif l)et 
de Ca(OH)2 (R^actif 2). Volume final amen6 50 cm®. 



Urine 

CUSO4 1 

Ca(OH)2 

1. 

10 cm® 

j 

B 

B 

Propo 'Lions adoptees par D. D. van 
Slyki 37j. Perte dTiiie parlie de 1 acide 
borneolglucuroiiiqi le aj out 6 . 

2. 

10 (;m® 

■ 

B 

Peite d’une j)arLie do Tacide borueol- 
glucuronique ajoute. 

3. 

20 cm® 

10 cm® 

10 cm® 

Bonne r6cup6ration. Proportions adoptees. 
L*op6ration eiimine le glucose urinaire jusqiTa 
concurrence de 20 gr. p. litre. 


b. La defecation k Tacetate mercurique. Cette operation ^limine Tindirubine qui 
intervient dans la coloration finale sous la forme d’une teinte rouge (R. Bernier). Nous utilisons 
une solution k 25 p. 100 et nous en ajoutons 4 cm® aux 20 cm® de filtrat, puis nous amenons au 
volume de 26 cm®. Cette concentration est, comme nous Tavons v6rifi5, suffisante pour 41iminer, 
lors du chauffage en milieu acide, Tappartion de la coloration rouge qui se d^veloppe si on n’a 
pas traits par Tacetate de mercure. 

c. Le traitement par HgS. II est rendu n6cessaire par le fait que, dans Texecution de 
la reaction de coloration, lors du chauffage au bain-marie bouillant, il se produit dans les filtrats 
flimplement d^glucides et d4f6qu6s par Tacetate mercurique un trouble qui rendrait imprecise 
la mesure photom6trique. Le traitement par Tacide sulfhydrique, dont on ^limine Texc^s par 
un barbotage d’air, supprime cet inconvenient en precipitant le cuivre et le mercure en exc^s. 
Le precipite de sulfures est eiimine par la filtration sur papier Schleicher et Schull 602 e h. 

d. Caracteres des filtrats obtenus apres deglucidation, defecation k Tacetate mer- 
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curique, traitement par H 2 S et filtration. Si on applique la reaction de coloration selon la tech- 
nique propoede (en utilisant la solution de comparaison prdpar^e k partir de Turine hydroly- 
B^e, comme justifi^ ci-dessous) on obtient comme le montre la figure 1, la meme courbe de 
couleur typique que celle fournie par une solution de glucuronide (acide born^olglucuronique) 
trait^e de la meme manike. Les essais de r6cup6ration, faits avec I’acide bom6olglucuronique 
ont 6t6 satisfaisants comme le montre le tableau IV. Comme on devait s’y attendre, les glucu- 
ronoconjugu6s du type ester ne sont pas dos6s. Ils sont en effet hydrolysis en milieu alcalin 
k la temperature du laboratoire et, lors de la diglucidation, le ph atteint une valeur supirioure 
411. L'acide glucuronique des conjuguis du type ester est, dans ces conditions, libiri et ilimini 
avec le precipiti. Nous avons virifii que notre mithode ne dose ni Tacide benzoylglucuronique, 
pripari selon la methode de A. J. Quick 28), ni le glucuronoconjugui de Tacide acitylsalicy- 
lique, c’est k dire deux glucuronoconjuguis du type ester. Nous avons observi qu’elle dose 
Tacide borniolglucuronique, Tacide mentholglucuronique et I’acide pregnandiolglucuronique: 
trois glucuronoconjuguis du type ither-oxyde. Nous croyons done pouvoir dire que notre 
mithode dose les glucuronides seulement, e’est k dire Tacide glucuronique conjugui par le 
moyen de liaisons qui sont stables dans les conditions adoptees. 

Nicessiti d’une solution de comparaison priparee a partir de la meme urine hydrolysie. 
Le principe de cette opiration est le suivant: par Thydrolyse chlorhydrique a la tempirature 
de 100°, on libire de ses combinaisons la totalite de Tacide glucuronique et cet acide est pri- 
cipiti lors de la diglucidation de Turine. L’operation revient done k priver I’lirine de la totalite 
de Tacide glucuronique, conjugui ou non, qu’elle contient. Comme le montre la figure 1, Temploi 
d’une solution de comparaison priparie k partir de Turine hydrolysie permet d’obtenir a partir 
de Turine une courbe de couleur typique identique a celle de Tacide glucuronique. 

Technique de la reaction de Tollens. 1. Essai d’un proc6d6 finalement a ban- 
don n 6. Nous avions, k la suite de nombreux essais, adopts un proc6d4 permettant de doser 
photom6triquement Tacide glucuronique dans ses solutions pures (M. Florkin ®)) (le proc6de 
a encore modifie par la substitution de Father au benzene comme solvant et par la filtration 
de la solution ac^tonique de naphtor^sorcine) Si cette technique permet dans certains cas un 
dosage avec une approximation de 1 — i p. 100, elle est cependant irr6guli4re On ne pent comp- 
ter, d’une mani^re g6n6rale, que sur une approximation de 10 4 20 p. 100. Par ailleurs, le 
proc6d4 est couteux par la grande consommation de naphtor^sorcine qu’il entraine. Le 
degr6 de purification de la naphtor^sorcine est aussi tr^s important. Aussi avons-nous renoned 
4 cette technique. 

2. Justification de la technique adoptee. Le proced6 propose par Mauohan, 
Evb]lyn et Brow^nb est plus rapide et plus precis. II est aussi beaucoup plus 6conomique 
par la petite consommation de naphtor^sorcine qu’il entraine. Le degr6 de puret6 de la naphto- 
resorcine a aussi moins d’importance Nous avons avec la naphtoresorcine Kodak de point de 
fusion = 120°, obtenu d’aussi bons r^sultats qu’avec la preparation la plus pure qu’on trouve 
dans le commerce, celle de Hopfmann-La Boche, de point de fusion = 122 — 123°. 

Mesure photom^trique. Le choix du filtre S 57 du photom4tre de Pulfrich est justifi^ par 
la figure 1, Nous avons v6rifie que dans les conditions adoptees, la loi de Beer est v6rifi6e. 
Comme le montre la figure 2, la relation entre les valeurs de I’extinction (6paisseur 30 mm, 
filtre S 57) et les teneurs en acide glucuronique est en effet, repr6sent4e graphiquement par une 
droite passant par I’origine. Les quantites d’acide glucuronique dos6es dans les limites d’utili- 
sation precise du photom4tre sont comprises entre 20 et 150 y. La position de la droite d’6ta- 
lonnage doit etre ddtermin^e chaque fois, car elle varie d’une experience 4 Fautre (figure 2). 
L’utilisation d’une solution de glucurone pour I’etablissement de la droite d’6talonnage est 
avantageuse du fait que la glucurone se trouve dans lo commerce sous une forme suffisamment 
pure, ce qui n’est pas le cas pour Facide glucuronique. La solution de glucurone utilis6e, qui a 
une concentration de 9,07 mg p. 100 cm^ correspond 4 une solution d’acide glucuronique 4 
100 Y par cm®. II est commode, pour etabiir la droite d’dtalonnage, d’en utiliser, par exemple, 
0,5, 1,0 et 1,6 cm®, ou meme deux de ces quantitds seulement. Le bien fond4 du remplacement 
de Facide glucuronique par la glucurone, sa lactone, est montr4 par les r^sultats r^ums dans le 
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Tableau III: valeurs identiques de Textinction pour des concentrations correspondantes et 
meme courbe de couleur typique. 


TABLEAU 111. 


glucuronique) 

S 47 S 50 

I S53 

S 55 

S57 1 

S 59 

S 61 

Glucurone 

20 y 

40 y 

150 y 

0 

0,015 

0,12 

0,03 

0,09 

0,32 

0,1 

0,23 
; 0,78 

0,12 

0,29 

0,97 

B 

Hj 

0,055 

0,18 

0,475 

Acide bomeolglucuro- 
nique 

20 y 

40 y 

150 y 

1 

1 

0,015 

0,13 

1 

0,02 

0,08 

0,34 

0,1 

0,235 

0,77 

i 

0,13 

0,80 

0,98 ! 

0,10 

0,355 

1,14 

0,15 

0,835 

1,05 

0,06 

0,10 

0,485 


Degre de precision delamdthode. Les essais de recuperation resumes dans le tableau IV 
montrent que la precision des r^sultats obtenus par la m6thode est tres satisfaisante. Comme 
nous I’avons dit, on ne dose que les glucuronides, et non les glucuronoconjugu^s de type osier, 
ni Tacide glucuronique libre. Les pentoses, le glucose (jusqu’a 20gr. par litre) et, comme nous 
Tavons v^rifie, Tacide ascorbique, ne genent pas Tex^cution du dosage. Appliqueo a des urines 
nyct^merales d’hommes normaux, la rnethode a fourni des valeurs comprises entre 50 et 200 y 
par cm®, d’acide glucuronique conjugu6 sous la forme 6ther-oxyde (glucuronides). 

TABLEAU IV. 


Essais de recuperation, par la rnethode adopt6e.. 


Quantity d ’acide borii6oI- 
glucuronique ajoutee k 
I'urine (en y d ’acide glu- 
curonique) 

I 

Quantity r6cup6r4e j 

Quantity d ’acide born6ol- 
glucuromque ajoui6e k 
I’urine (on y d ’acide glu- 
curonique) 

Quantite r6cup6r6e. 

80 

77 

40 

38 

50 

50 

40 

85 

100 

95 




III. Dosage des glucuronides sanguins. 

On sait combien steriles out ete jusqu’e, present les essais de dosage des glucuronides du 
sang. Ce n’est qu’^ titre documentaire qu’il y a lieu de rappeler les tentativos de Lepine et 
Boulud 15) qui cherchaient k determiner la teneur du sang en acide glucuronique en com- 
parant les pouvoirs rotatoires du sang avant et apr^s fermentation par la levure. II en est de 
meme des essais de S. L. Orskov 22) qui extrait une partie des glucuronoconjugues du sang 
par rether et mesure ensuite le pouvoir reducteur de Textrait par la rnethode de Hagbdorn 
et Jensen. Les autres auteurs qui se sent occupes de la question se sont contentes d’une mise 
en Evidence qualitative des glucuronoconjugues. 

A premiere vue, Tadaptation du dosage photom^trique k T^tude du sang ne parait soulever 
aucune difficult^ particuli^re. En effet, le proc4d4 est utilisable en presence de glucose. Une 
operation suppWmentaire doit ^videmment etre ajout^e: il faut prealablement s^parer les 
globules sanguins et d^prot^iniser le plasma. Cette operation est effectu6e trke simplement, 
sans dilution ni addition de r^actifs, par ultrafiltration du sang total. 


15 * 
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Ultmliltration. Elle se fait au moyen de I’ultrafiltre m6tallique k haute presBion et k balai int^rieur 
de L. Brull2). On introduit dans Tappareil 20 cm» de sang d6fibrin4. Apr^s quelques heures d’ultra- 
filtration sous 10 atmospheres de pression, on obtient un liquide limpide et depourvu de proteines. 
II faut prendre soin d’eiiminer les premieres gouttes qui s’ecoulent du filtre et qui peuvent, avant 
colmatage de la membrane, contenir des traces de protlines. L*operation s’effectue dans une chambre 
froide k 0®, ce qui 6vite Thydrolyse des glucuronides. 

Preparation du tiltrat de defecation. Dans un ballon jauge de 10 cm*, on pipette 4 cm* d’ultra- 
filtrat. On ajoute 2 cm* de la solution de sulfate cuivrique, puis 2 cm* de la suspension d’hydroxyde 
calcique. On amene au trait de jauge avec de Teau distiliee, on melange, on abandonne pendant me 
demi-heure en agitant fr6quemment, puis on centrifuge. On verse alors 6,6 cm* du liquide dans un 
tube gradu6 et on complete le volume k 8 cm* au moyen d’une solution d’acetate mercurique k 25 p. 
100. On centrifuge de nouveau, on recueille le liquide separ^ du pr6cipite et on le traite par un courant 
gazeux d’acide sulfhydrique. On filtre sur un filtre durci (Schleicher et Schull 602 e h) pour enlever 
le precipite de sulfures. On eiimine enfin I’exces d’acide sulfhydrique par barbotage d’air. La puri- 
fication est terminee. II ne reste plus qu’e effectuer la reaction de coloration. 

Preparation de la solution de comparaison. Elle est constitute par I’ultrafiltrat sanguin dont on a, 
au prtalable, hydrolyst les glucuronoconjuguts. L’acide glucuronique libtrt est tlimint avec le glucose 
et los pentoses au cours des optrations de purification. On proctde comme suit: dans un ballon de 10 
cm*, on pipette aussi 4 cm* d’ultrafiltrat, mais avant d'ajouter les rtactifs dtglucidants, on introduit 
1 cm* d’acide chlorhydrique (D ; 1,19, dilut deux fois). Oii porte au bain-marie bouillant pendant une 
demi-heure. Aprts neutralisation de I’acide chlorhydrique par une quantity tquivalente de soude 
concentrte, on traite le filtrat point par point comme rtohantillon k doser. 

Btaction de coloration et mesurepliotomttrique.Ce8optrationss’effectuent point par point com- 
me pour le dosage des glucuronides urinaires, sur 2 cm* de filtrat de dtftcation. On utilise aussi le 
filtre S 57, et on 6tablit 6galement, dans chaque s6rie de determinations, la position de la droite d’6ta- 
lonnage en utilisant une solution-etalon de gluciirone. ' 

SensibUiteet degrade precision de la mdthode. Les quantites d’acide glucuronique sous 
forme de glucuroiiide, dosees par la methode photom6trique dans les limites d’utilisation precise 
du photom^tre de Pulfrich, correspondent, lorsqu’on utilise la cuvette la plus epaisse (30 mm) 
k un minimum de 20 y pour les 2 cm® de filtrat utilises. Etant donn6e la dilution de ce filtrat 
de d4f4cation par rapport au plasma, le minimum dosable est de 80 mgr. d’acide glucuronique 
(sous forme de glucuronide) par litre. La methode appliqu6e au sang normal ne donne pas de 
r^sultat. Le plasma contient done, par litre, moins de 80 mgr. d’acide glucuronique sons forme 
de glucuronides, alors que I’urine en contient 50 — ^200 mgr. par litre. 

La methode pent servir k doser les glucuronides dans le sang d’un animal qui a absorbe des 
quantit^s suffisantes d’une substance glucuronogenique. C’est ce que nous avons v6rifi4 dans 
deux essais apres administration k des lapins, au moyen d’une sonde oesophagienne, de 2 gr. 
de menthol en suspension dans 20 cm* d’une solution gommeuse k 10 p. 100. Apr^s 2—3 heures, 
le sang de ces aniinaux contenait, dans un cas 92 mgr. par litre et dans I’autre 66 mgr. par litre 
d’acide glucuronique sous forme de glucuronides. Le degr6 de precision des dosages n’est d’ailleurs 
que de I’ordre de 10 p. 

100, comme le montre TABLEAU V. 

le tableau ci-contre, 
r^sumant deux essais 
de recuperation d’aci- 
de born^olglucuroni- 
que ajoute k du sang 
de chacun des deux 
lapins de I’exp^rience 
qui vient d’etre cit6e 
(Tableau V). 

lY. Dosage de Taeide pr^nandiolglucnronique urinaire. 

L’acide pregnandiolglucuronique, produit d’^limination de la progesterone, apparait dans 
I’urine de la femme, et sa concentration y augmente k chaque phase d’activit^ du corps jaune: 
au cours de la phase lut6inique du cycle menstruel(^) et au cours de la grossesse (3). On saisit 
done rint6r5t de I’^tude des variations de Texcr^tion urinaire de cette substance. E. H. Vbn- 



Teneur du sang 
en acide glucuro- 
nique sous forme 
de glucuronides 

Acide glucu- 
ronique ajoute 
sous forme de 
glucuronide 

Quantit6 totale 
trouv6e 


mgr. p, litre 

mgr. p. litre 

mgr. p. litre 

ler essai 

2d essai 

92 

66 

50 

100 

127 

151 
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ning 39* 40) a r6cemment mis au point une m6thode permettant de doser I’acide pregnandiol- 
glucuronique dans Tvirine. Cette methode consiste k extraire le glucuronide au moyen d’alcool 
butylique, puis k purifier Textrait jusqu'^ obtontion d'un produit cristallin qui peut etre pes6 
aprds dessication. La m6thode gravimetrique de Venning pr^sente diff^rents inconvenients: 

1. Techantillon analyst devant contenir 10 a 15 mgr. du glucuronide, il est n^cessaire de 
manipuler de grandes quantit6s d’urine: 200 cm"* k 9 mois de grossesse, 1 litre k 3 inois; 

2. le r^sultat du dosage est entache d’une erreur souvent considerable: Terreur minima 
accus6e par les essais de recuperation est de 16 p. 100 par d^faut, resultant des nombreuses 
operations d’extraction et de purification. L’erreur par defaut est on partio compensee par une 
erreur par exc^s resultant de I’imperfection de la purification de la substance qni subit la pesee. 

L’acide pregnandiolglucuronique etant un glucuronide, nous avons fait son dosage en 
combinant Textraction butylique avec un dosage photometriquo portant sur Textrait obtenu. 
Nos essais out porte sur des urines de femmes dont la grossesse etait presque a terme. Le dosage 
se fait sur 40 cm^ d'urine, quantite 5 fois moindre que celle exigee pour Tapplication de la me- 
thode de Venning. Les resultats trouves ont d’ailleurs ete voisins de ceux obtenus par eet 
auteur. Trois dosages ont fourni des valours correspondant respectivement a une excretion de 
70, de 84 et de 78 mgr. d’acide pregnandiolglucuronique en 24 heures. 

Reactifs. Aux reactifs d6crit dans la deuxi^me pariie du present niemoire, il faut ajoutcr: 
de Talcool butylique et une solution decinormale de soude. 

Preparation d’un flltrat de d4f4cation. Dans un ballon jaug4 de 100 cnr**, on met 40 cm^ d’urine 
filtr^e, 20 cm® de la solution do sulfate cuivrique, 20 cm® de la suspension d’hydroxyde calcique et de 
I’eau distill6e jusqu’au trait de jauge. On melange puis on abandonne pendant une demi-heure, en 
agitant fr^quemment. On s^pare le pr6cipit6 par cenlnfugation et on pr616ve 70 cm® du liquide, aux- 
quels on ajoute 14 cm® d’ac^tate mercurique a 25 p. 100. On centrifuge et on s^pare le liquide qu’on 
traite par un courant d’acide sulfhydrique puis qu’on filtrc sur un papier durci (602 e h de Schleicher 
et ScHiiLi.). On chasse enfin par barbotage d’air I’exii^s d’acide sulfhydrique. 

Extraction k I’alcool butylique. On verse 60 cm® du filtrat de d6f6cation dans un grand tube 
de centrifugeuse. On ajoute 15 cm® d’alcool butylique. On melange les deux liquides avec un agitateur, 
puis on les s4pare par centrifugation. L’alcool butylique qui forme la couche sup^rieure est facilement 
pipette. On r^p^te trois fois I’op^ration en employant chaque fois 15 cm® d’alcool butylique. Les 60 
cm® d’extrait butylique sont r^unis dans un ballon fond rond et a tubulure lat4rale. Ce ballon est 
adapts a un autre ballon de m^me forme, selon le schema bien connu, d^crit notamment par Van 
Slyke et Kirk 38). On constitue de cette mani^re un appareil a distillation dans le vide qui, adapts 
a une bonne trompe a eau, permet d’^vaporer I’alcool butyliqu"* k une temperature oscillant entre 30 
et 45°. On obtient finalement un r6sidu amorphe bianchatrt qu’on extrait, cinq fois avec cliaque fois 
2 cm® de soude decinormale. Les extraits successifs sont r6unis dans un ballon jaug6 de 10 cm*. On 
ajoute quelques gouttes de soude pour atteindre le trait de jauge. Le liquide obtenu est limpide et 
a peine jauntoe. Deux cm® de ce liquide vont servir k op6rer la reaction de coloration et la mesure 
photomitrique. 

Reaction de coloration et mesure photomdtrique. Ces operations s’opdrent point par point 
selon le proc6d6 pr6c6demment d6crit. 11 est n^cessaire de poss^der une solution de comparaison. 
On la prepare en hydrolysant 40 cm® d’urine par addition de 10 cm® d’acide chlorhydrique (1): 1,19, 
dilu4 deux fois) et chauffage au bain-marie bouillant pendant une demi-heure. Apr^s neutralisation 
de I’acide par une quantity 6quivalente de soude concentr6e, on traite cette urine comme r6cliantillon 
k doser. Il faut aussi 6tablir pour chaque akrie de dosages la position de la droite d’^talonnage en utili- 
sant une solution-^talon de glucurone. 


Documents justilieatifs. 

Purificatioil pr^alable de rurine. La purification pr6alable de Turine accroit la specificity 
de la m6thode en yiiminant des substances qui interf^rent avec le dosage. Elle facilite aussi 
Textraction butylique: au cours de Textraction il ne se forme pas cette ymulsion genante qui 
apparait quand on traite Turine telle quelle, selon la technique de Venning. D’autre part, Textrait 
butylique est k peine colore, alors qu’il est franchement jaune dans la technique de Venning. 

Specificity dc la methode. Les glucuronides banaux sont insolubles dans I’alcool butylique 
et ne sont par consequent pas doses par la methode. En effet, Turine de femme non gravide, en 
periode folliculaire, donne dans les conditions decrites ci-dessus, des resultats totalement 
negatifs. 
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Toutefois la m^iihode n’est pas enticement epCifique. L’acide oestriolglucuronique est 
anssi soluble dans Talcool butylique. Mais la teneur de Turine en oestriol est beaucoup plus 
faible que sa teneur en pregnandiol. Par ailleurs, une partie seulement de Toestriol urinaire 
est sous forme de glucuronide. L^erreur caus6e par la presence de Tacide oestriolglucuronique 
est faible. 

Y. Mesore de I’aetivitd jS-glueuronidasique. 

On a pu mettre en Evidence, dans differents tissus de MammifCes, un ferment hydrolysant 
les glucuronides et qui a reQu le nom de j^-glucuronidase (H. Masamune 17); G. Oshima 23» 24)). 
8a distinction d’avec la )8-glucosidase n’est pas encore certaine, bien qu'il y ait des arguments 
en sa faveur (B. Helfbrich et G. Sparmbbrg 12)). w. H. Fishman ®) a decrit une mChode de 
pr6paration et de purification de la glucuronidase de la rate de boeuf et il a 6tudi6 quelques 
aspects do sa cin6tique (7). Nous avons 4tudie les conditions dans lesquelles peut etre mesur6e 
Tactivit^ des solutions de glucuronidase (enzyme de la rate de boeuf , preparation selon Fishman). 

Au ph 4,4, et pour une concentration finale de 0,025 M de substrat, ce dernier etant le 
bomeolglucuronate de Na (conditions optimales determinees par Fishman), nous avons re- 
cherche I’influence de la duree de I’hydrolyse et observe qu’il existe une proportionnalite entre 
la quantity de substrat hydrolyse et la duree de Taction, pour autant que la quantite hydrolysee 
ne depassG pas 6 p. 100 de la quantite totale de glucuronide. Par ailleurs, nous avons observe 
qu’il y a, pour un temps d’action donne, proportionnalite entre la quantite de substrat hydro- 
lyse et la quantite d’enzyme, pour autant que Thydrolyse ne depasse pas 5 p. 100. Nous pro- 
posons done d’appeler ,,uniU glucuronidasique” la quantite d’enzyme qui, dans les conditions 
que nous avons adoptees, (1 cm^ d’enzyme + 1 cm® de tampon ph 4,4, d’acide acetique-acetate, 
2 M -f- 2 cm® de borneolglucuronate de Na 0,05 M, temp. 88°) hydrolyse en trente minutes 

5 p. 100 de la quantite totale de substrat. L’acide glucuronique libere apres 80 minutes est dose 
par le precede decrit par W. H. Fishman 7) apr^s deproteinisation trichloracetique, et au 
moyen de sulfate cerique 0,002 N. Si Thydrolyse depasse 5 p. 100, Tenzyme doit etre dilue 
en vue d’un nouvel essai ou un temps d’action plus court doit etre adopte. 

Influence de la concentration en substrat. On melange: A. 1 cm® d’enzyme, 1 cm® de tam- 
pon d’acide acetique-acetate 0,4 M, ph 4,4, et 2 cm® de borneolglucuronate de Na 0,005 M 
(concentration finale 0,0026 M) 

B. 1 cm® d’enzyme, 1 cm® de tampon et 2 cm® de borneolglucuronate de Na 0,05 M. 
(concentration finale 0,026 M) 

A’. Les memes solutions qu’en A, sauf que la solution de ferment a ete chauffee pendant 
80 minutes k 100°. 

B’. Les memes solutions qu’en B, mais en utilisant le ferment inactive comme en A’. 

Apres une heure au thermostat k 88°, dosage de Tacide glucuronique libere: 

A — A*== 60 Y ou 3,11 p. 100. 

B — B’ = 960 Y ou 4,98 p. 100. 

Nous avons adopte la concentration finale 0,025 M, qui est d’ailleurs donn^e comme optimale 
par W. H. Fishman 7). 

Influence de la durde de Thydrolyse. On melange 8 cm® d’enzyme, 8 cm® de tampon et 

6 cm® de borneolglucuronate de Na 0,05 M et 10 gouttes de toluene. Les reactifs ont ete places 
avant le melange au bain k 88° et melanges apr^s avoir atteint cette temperature. Au cours du 
sejour du melange au thermostat k 88°, des echantillons de 2 cm® ont ete preieves aux temps 0, 
80, 60, 90 et 120 minutes, pour le dosage de Tacide glucuronique libere. Un temoin fait en rem- 
pla 9 ant Tenzyme par de Tenzyme inactive par chauffage n’a pas montre d’hydrolyse en Tespace 
de 120 minutes. La quantite d’acide glucuronique libere est donnee par la difference entre la 
reduction k un temps donne et la reduction au temps 0. 
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TABLEAU VI. 


Temps en 
minutes 

Acide 

glucuronique 
Iib6r6 (y) 

Hydrolyse 

p. 100 

30 

180 

1,87 

60 

355 

3,68 

90 

535 

5,66 

120 

680 

7,07 

240 

1150 

11,94 


Comme le montre la figure 3, il y a done proportion- 
nalit6 entre la quantity transform^e et la dur6e de Thydro- 
lyse pour autant que la quantite transformee ne depasse 
pas une valeur comprise entre 6 et 7 p. 100 de la quantite 
totale (Tableau VI). 

Influence de la concentration de I’enzyme. On fait 
quatre melanges constitues par Taddition k 1 cm® de tam- 
pon + 2 cm® de borneolglucuronate de 1 cm® d’enzyme 
respectivement dilu6 2 fois, dilu6 quatre fois, dilue 8 fois 
et non dilu^. Apr^s un s^jour de 30 minutes au thermostat 
k 38°, le degre d ’hydrolyse est, pour chaque melange, fourni 
par la difference de pouvoir r^ducteur entre ce melange et un 
melange teinoin dans lequel les 2 cm® de borneolglucuronate 
ont 4t4 remplac4s par 2 cm® d’eau. 


TABLEAU VII. 


Dilution do 
I’enzyme 

Acide 

glucuronique 
Iib4r6 (y) 

Hydrolyse 

p. 100 

1/8 

215 

1,1 

1/4 

450 

2,33 

1/2 

860 

4.40 

1 

1480 

7,77 


Comme le montre la figure 4, la proportionnalite est 
maintenue entre quantity de substrat hydrolyse ot concen- 
tration en enzyme pour autant que cette quantite ne 
depasse pas une valeur comprise entre 5 et 7 p. 100 de la 
quantity totale de substrat (Tableau VII). 



Fig. B. Hydrolyse du borii6ol- 
gluouronate de Sodium par la 
glucuronidase, en fonotion dus 
temps d ’act ion. En abscisses, les 
t(‘mps en minutes. En ordonnees 
les pourcentages d’hydrolyse. 



Fig. 4. Influence de la dilution 
de I’enzyme sur Thydrolyse du 
borneolglucuronate de Sodium 
par la glucuronidase. En abscisses, 
les dilutions. P>i ordonnees, les 
pourcentages d’hydrolyse. 


TI. Synthase enzymatique de Tacide bom^olgluciironique. 

Notre methode photom^trique de dosage des glucuronides convient particuli^remont aux 
experiences relatives k la synthase enzymatique des glucuronides car elle permet de doser ces 
derniers en presence d’acide glucuronique libre. Elle permet done de mesurer leventuelle for- 
mation de glucuronides dans un milieu contenant une substance glucuronogdnique, de I’acide 
glucuronique et de la glucuronidase. Une telle recherche implique cependant la deprot^inisation 
du melange avant le dosage. Nous avons vainement essay6 do faire prec^der co dernier d’une 
d4prot6inisation par voie chimique. Parmi les deprot^inisants dont nous avons fait Tessai, 
Tacide trichlorac6tique donne d4jA par lui-meme, dans les conditions du dosage photom6trique, 
une coloration rouge pourpre intense. L’ac^tate mercurique et le sulfate de cuivre associ^ k 
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rhydroxyde calcique entrainent une perte considerable de gluouronide. Quand on emploie 
1 ’acetate d’urane, on observe Tentrainement total, dans le precipite de proteines, de la totality 
du glucnronide ajonte. Nous faisons par consequent la deproteinisation par ultrafiltration soua 
pression (ultrafiltres de Thyssen, membranes ,,eiweis$dicht*' de Membranfilter). Nous avons 
ainsi pu mettre en evidence, dans les conditions pr6cisees plus loin, une synthese de glucuronide 
apr^s avoir mis en presence in vitro du born6ol, de Tacide glucuronique libre et de la glucuroni- 
dase en milieu tamponne au ph 4.5. 

Quant e. savoir si cette synthese enzymatique correspond au mecanisme realise in vivo, 
e’est evidemment une autre affaire. Fishman rapporte que la teneur en glucuronidase des 
organes du chien augmente quand on fait ingerer k Tanimal de grandes quantites de borneol, ce 
qui sugg^re selon lui la possibilite d’une intervention synth6tisante de Tenzyme. Par contre, 
dans leurs etudes sur la formation de glucuronoconjugues en presence de coupes de tissus de 
Mammiferes, W. L. Lipschitz et E. Bueding l®) ont bien observe une glucuronoconjugaison 
apr^s avoir mis en presence de coupes de tissus de I’acide glucuronique et un alcool ou un phenol, 
mais cette conjugaison est, selon ces auteurs, tr^s faible en comparaison de la production de 
glucuronoconjugues qu’ils ont observee lorsque I’acide glucuronique etait remplace par des 
corps en Cg tels que I’acide pyruvique ou I’acide lactique. Pour ces auteurs, la glucuronocon- 
jugaison commencerait par la formation de triosides, partir desquels se formerait ensuite le 
glucuronide. Quant k savoir laquolle de ces vues exprime la nature du mecanisme regnant in 
vivo, il faudra de nouvelles experiences pour en decider. 

Docaments experimentaux* 1. On met ^retuve k 37®, dans un Pjrlenmeyer convert au moyen 
d*un petit entonnoir: 25 cm* de jS-glucuronidase de rate de boeuf (preparee selon une modification de 
la methode de Fishman, activite: 1,1 imites par cm*), 60 mgr. d’acide glucuronique, 2 cm* de tampon 
d*aoide acetique-acetate 2 M, de ph 4,5, 3 cm* de solution saturee de bomeol et un cristal de cette 
substance. Une prise de 6 cm* est faite apr^s le melange des r^actifs et une autre 28 heures apr^s. 
Aussitdt aprds leur pr^l^vement, ces 6chantillons sont soumis k Tultrafiltration sous pression. On 
revolt Tultrafiltrat dans un tube gradu6. Quand le volume de liquide y atteint 2,6 cm*, on y ajoute 
1 cm* de solution de CuSOa et 1 cm* de suspension de Ca(OH )2 et de Teau jusqu’au volume de 6 cm®. 
On filtre. Dans le filtrai plac6 dans un tube de centrifugeuse on fait passer un courant de HjS, on 
centrifuge et on pr41dve 2 cm* de liquide sur lesquels, aprds un barbotage d’air, on dose Tacide glucuroni- 
que conjugu6 selon la m6thode photom6trique. Comme liquide de comparaison pour la lecture photo- 
m4trique, on emploie Textrait foumi par le traitement dhm 6chantillon d’eau, lequel sert de liquide 
de comparaison pour I’^tablissement de la droite d’6talonnage. L 'experience a montr6 en effet que 
dans la region des lectures photometriques comprise entre 470 et 610 m^, cet extrait est identique 
k celui foumi par le melange des reactifs utilises dans Texperience, lorsqu’on hydrolyse ce dernier avant 
la deglucidation, c'est a dire que si on compare au photometre Textrait foumi par le milieu d'experience 
deglucuronide avec celui foumi par Teau, la valeur de Textinction est nulle dans la region consideree. 

Teneur en glucuronides (en acide glucuronique) des 30 cm* du melange: 

au debut de Texperience 0 
apres 28 heures 2,64 mgr. 

2. Memes conditions, mais 30 cm* de glucuronidase (prepares selon la methods de Fishman 
jusqu'au stade appeie I par cet auteur; activite: 1,1 unites par cm*) -f- 70 mgr. d'acide glucuronique 
-7 2 cm* de tampon -f 3 cm* de solution saturee de bomeol -f un cristal de oe corps. 

Ter^eur en glucuronide (en aoide glucuronique) des 36 cm* du melange: 

au debut de Texperienc-e 0 
apres 24 heures indosable 

apres 4 jours 1,57 mgr. 

apres 6 jours 2,11 mgr. 

3. Memes ooiyitions, mais 10 cm* d'enzyme (prepare selon Fishman jusqu'au stade H, activite 
0,3 unite par cm*) -f^ 25 mgr. d’acide glucuronique -f 0,6 cm* de tampon -f 2 cm* de solution satur^ 
de bomeol -f un cristal de cette substance. 

Teneur en gluouronide (en aoide glucuronique) des 12,6 cm* du melange 
au debut de Texperience 0 
apres 4 jours 0,53 mgr. 

4. Memes conditions, mais 15 cm* d’enzjnne (prepare selon Fishman jusqu’au stade 1, activite 
0,4 unite par cm.) -f 40 mgr d’acide glucuronique -f 3 cm* de tampon 0,4 M ph 4,4 -f 2 cm* de la solu- 
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tion satur6e de born4ol + Rn cristal de oette substance. Simultan6ment on a fait un melange t4inoin 
different du melange ci dessus par le remplacement de Tenzyme par oe m4nie enzyme chauff4 k 100^ 
pendant 80 minutes. Les dosages sont faits en utilisant comme solution de comparaison Textrait 
foumi par un pr614vement simultan4 du t6moin identiquement trait4 comme Tessai. 

Teneiur en glucuronide (en acide glucuronique) des 20 cm® du melange: 

apr4s 4 jours 0 
apr4fl 7 jours 0,40 mgr. 
apr4s 11 jours 0,67 mgr. 

5. M4mes conditions qu’en 3, mais 30 cm® d’lme solution de glucuronidase de rate de boeuf 
spontan4ment inactiv4e et ay ant 4t4 laiss4e pendant plusieurs semaines a la temperature du labora- 
toire (activite: 0) -f 70 mgr. d’acide glucuronique -1-1,5 cm® de tampon -|- 3,5 cm® de bom6ol -h un 
cristal de ce corps. La teneur en glucuronide a 4t6 trouv4e 4gale 4. 0 au d4but, apr4s 3 jours, apr^s 6 
jours et apr4s 9 jours. 

6. M4mes conditions qu’en 3, mais en rempla^ant les 10 cm® de I’enzyme par 10 cm® de la solu- 
tion de born4ol. La teneur en glucuronide a 4t6 trouv4e 4gale a 0 au d4but, apr4s 4 jours et apr4s 
7 jours. 

1) R. Bernier, Siir la presence de I’acide glucuronique et de certains hydrates de carbone dans 
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On salt que de multiples diastases agissent sur les esters phosphoriques: phospha- 
tases, deshy drog6nases, aldolase et mutases (J. Courtois ^)). Deux de ces mutases ont 
une action tout k fait remarquable: elles font emigrer la liaison ester sur un autre atome 
de carbone. Ces diastases sont laphosphoglyc6romutase de Meyerhof et Kiess- 
LiNO qui i8om6rise reversiblement Tacide phospho-3-glycerique en acide phospho-2- 
glyc6rique, et la phosphoglucomutase de Cori et Colowiok qui transforme irr6ver- 
siblement le phospho-l-glucopyranose (ester de Cori) en phospho-6-glucopyranose (ester 
de Robison). Nous nous sommes proposes de rechercher s’il existait une mutase similaire 
des a- et j3-glyc6rophoBphates. Divers faits pouvaient en effet etre interprets en faisant 
intervenir une telle mutase. 

Meyerhof c.s. 4) ont montr4 que par suite d’une oxydo-reduction fermentaire entre 
Tacide a-glyc6rophosphorique et Tacide pyruvique apparaissaient Tacide dioxyac^tonephos- 
phorique et I’acide lactiquo. L’acide )^-glyc6rophosphorique ne peut remplacer son isomSe dans 
cette oxydo-r6duction. 

Par la suite Goda 5) effectua de nouvelles recherches dans le laboratoire de Meyerhof. 
II observa que certaines preparations fermentaires du muscle pouvaient oxyder Tacide fi-gly- 
cerophosphorique en prSence d'acide pyruvique. Goda supposa qu'une mutase des glyce- 
rophosphates intervenait dans cette reaction, il ne put toutefois la mettre en evidence. Le 
)8-glycerophosphate ne possedant pas de fonction glycol-a n’est pas oxydable k froid par 
I’acide periodique tandis que I’a-glycerophosphate renferme une fonction glycol-a oxydable 
par I’acide periodique (P. Flbury et R. Paris ®)). Goda mit en contact I’extrait de muscle 
dialyse et le j5-glycerophosphate, il ne put ainsi deceler I’apparition d’une substance oxydable 
par I’acide periodique. 

L’un de nous (7) a etudie Taction synthetisante en milieu glyceroie des phosphatases du 
rein de Pore et des graines d’Amande-douce. Dans les deux cas le glycerophosphate forme a 
6te isoie; il ost constitue presque exclusivement de Tisomere a. D’autre part Thydrolyse en 
milieu glyceroie soit de Ta- soit du /3-glycerophosphate conduit au meme equilibre final que la 
synthese. Cependant tandis qu’e. Tequilibre Ta-glycerophosphate n’est pas modifie, le /3- est 
partiellement transforme en a. Deux hypotheses permettent d’interpreter cette transposition; 

a) hydrolyse plus accentuee du /S-glycerophosphate que ne I’indique la liberation de 
phosphore, une partie de Tacide phosphorique se combinant au glycerol et synthetisant de Ta- 
glycerophosphate de fa 9 on k maintenir constant Tequilibre 

glyc6rol + phosphates ^ glycerophosphates 

b) Intervention d’une mutase des glycerophosphates. 

Si cette mutase existe elle n’acoompagne pas toujours les phosphatases. Au cours de reoher- 
ches sur les phosphatases vegetales Tun de nous (®) a suivi Thydrolyse des a- et /3-glycerophos- 
phates en dosant d’une part Tacide phosphorique Iib6r6 et d’autre part le glyc6rol Iib6r6 (par 
oxydation periodique). L ’isomerisation du /3-glycerophosphate non oxydable par Tacide perio- 
dique en son isom6re a- oxydable augmente la consommation en acide periodique qui oxyde 
done k la fois le glyc6rol Iib6r6 et Ta-glycerophosphate. Les dosages de glyc6rol et acide phos- 
phorique libres donnent des resultats concordants; Texistence d’une mutase aurait conduit k 
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des r^sultats discordants: Les hydrolyses par la taka-diastase, les graines de Moutardes (blanche 
et noire), d’Amande-douce, de Favot et de Haricot ne sont pas perturb^es par une mutase. 
L’existence de cette mutase apparait peu probable; nous avons cependant effectu6 des recher- 
ches compl^mentaires sur cette question. 

Mise au point d’une technique de recherche. Une m6thode, de principe assez simple, 
6tait la suivante: dosage par I’acide periodique de Tacide a-glyc6rophosphorique form6 4 partir 
de son isomfere p, Cette technique est parfaite en milieu d6fini et Melle M. C. Bailly Ta utilis6e 
pour d^montrer que par chauffage en milieu acide Tacide )S-glyc6rophosphorique se transposait 
en acide a, la reaction est reversible mais Tequilibre nettement en faveur de la forme a. 

Les milieux biologiques renferment des substances oxydables par Tacide periodique (acide 
tartrique, glucides etc) qui sont parfois lentement oxydables comme I’un de nous la observe 
avec la taka-diastase (®). De ce fait, la technique k Tacide periodique oxigera done la soustraction 
d’un terme correctif souvent important et d’une determination delicate (l’oxydabilit6 de certains 
corps complexes variant avec le ph, la temperature, la duree de reaction). 

Nous avons done complete cette technique de fa^on k remplacer le dosage par difference 
par un dosage direct. Nous dosons le diosephosphate (hydroxyethanal monoorthophosphato) 
PO3 Hg — 0 — CHg — CHO qui se forme par oxydation periodique de Ta-glycerophosphate (Fleury 
et Paris ®)). Nous avons montre (lO) qu’il est presque totalement dephosphoryle par le peroxyde 
d 'hydrogene alcalin k la temperature ordinaire. Cette oxydation s’effectue selon le schema: 

POgHg— 0 — CH2— CHO + 2 H2O2 = PO4H3 + 2 HCO2H + H2O 

Dans ces conditions les a- et ^-glycerophosphates ne sont pratiquement pas dephosphoryles. 
Nous avons tout d’abord recherche si Ta-glycerophosphate pouvait etre dose dans ces condi- 
tions *) en presence de /^-glycerophosphate. 

1 A 5 cc d’a- ou /S-glyoerophosphate disodique M/10 sont meiangAs k 10 ce d acide periodique 
N/10 et 2 cc d’acide sulfurique N. Apr^s un contact do 30 minutes a 20" Toxydation periodique est 
terminee. La solution est neutralisee jiar de la soude en presence de phtaMine, additionnee de 10 cc 
d'eau oxygenee A 10 volumes et selon les cas de 20 cc de soude 2 N ou de 10 cc d’ammoniaque A 20%. 
AprAs 48 heures de contact A la tempArature ordinaire la solution est noutraliset* et Tacide phosphoriqu(» 
libAre est dosA par la technique de Copaux aprAs isolement preiiminaire sous forme de sol ammoniaco- 
magnAsien ♦*). 

Les rAsultats obtenus (Tableau I) montrent qu'on peut doser avec une bonne approximation 
Tacide phosphoriquo de Ta-glycArophosphate. Avec une dose d'a-glycArophosphate supArieure 
A 20 mg de PgOg organique les rAsultats sont entachAs d’une erreur par dAfaut de 5 % environ. 

Le / 5 -glycArophosphate n’est que trAs faiblemont dAphosphorylA: 3 % environ. II est ainsi 
possible de doser Vat. en prAsence de p. Dans les milieux biologiques ou nous recherchons la mutase 
il y aura vraisemblablement libAration d'acide phosphoriquo et glycArol par hydrolyse phos- 
phatasique. Nous avons cherchA a doser Ta-glycArophosphate dans ce milieu plus complexe ***). 

Nous avons suivi une technique dont voici les Atapes: inactivation des diastases par chauf- 
fage, precipitation du phosphate minAral sous forme de sel de baryum en milieu neutre a la 
phtalAine, sAparation de ce prAcipitA, oxydation periodique en milieu acide de Ta-glycArophos- 
phate, dAphosphorylation du diosephosphate fonnA par le peroxyde d'hydrogAne alcalin, dosage 
de Tacide phosphoriquo libArA. 

*) Le diosephosphate est rapidement hydrolysA par les acides mineraux A 100°, dans ces con- 
ditions le j8-glycArophosphate est relativement stable. Les rAsultats obtenus en milieu acide sont 
moins prAcis qu’avec la technique au peroxyde d’hydrogAne alcalin. 

**) L’excAs d ’acide periodique Atant rAduit par I’eau oxygAnAe la prAcipitation du periodate 
de magnAsium ne risque pas de s’associer A celle du phosphate ammoniaco-magnAsien, 

’“**) Les sels ferreux et cuivriques catalysent, en milieu acide et A la tompArature ordinaire, la 
dAphosphorylation des a- et jS-glycArophoshates par le peroxyde d’hydrogAne. En milieu alcalin cette 
dAphosphorylation n’a pas lieu. II est done inutile de se prAoccuper des traces de fer et cuivre que 
peu vent renfermer les prAparations fermentaires. 
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TABLEAU I. 


mg de PsOg 
organique 
mis en 
oeuvre 

a-glycero- 

phosphate 

0 

0 

0 

14 

14 

14 

21 

21 

28 

34 

)8-glycero- 

phosphate 

14 

28 

35 

0 

14 

28 

0 

14 

0 

0 

mg de PjOg 
mineral 
libere 

milieu 

sodique 

0,2 

0,7 

1,0 

13,6 

13,5 

14,5 

20,75 

19,75 

26,75 

32,75 

milieu am- 
moniacal 

0,2 

0,7 

■ 

14 

13,5 

14,25 

20,5 

20,5 

26,75 

33 


Teehnlque utilis^e. 50 cc de )3-glyc4rophosphate disodique M/10 sont amends au ph voulu 
par Tacide ac6tique N, la solution, additionn6e de la preparation diastasique, est amenee h 100 cc. 
Apr^s un certain temps de contact, 10 cc sont preiev^s et le phosphore mineral libere est dose par 
notre technique habituelle (8). Un second pr6ievement de 10 cc est place 10 minutes sur le bain-marie 
bouillant. Apres refroidissement nous ajoutons 10 cc d*acetate de baryum M/10 et neutralisons k 
la phtaieine a I’aide de soude 2N. II se forme un predpite barytique plus ou moins abundant selon le 
degre d ’hydrolyse phosphatasique et la teneur initials en phosphates de la preparation fermentaire. 
Nous avons verifie que la precipitation du phosphate barytique est tres rapide et presque integrals. 
Apres 5 minutes de contact nous filtrons et lavons le precipite trois fois de suite avec 3 cc d’eau distil- 
lee. Les eaux de lavage sont jointes au filtrat, le baryum en excds est precipite par addition de 10 cc 
de sulfate de sodium M/10. 

Sans separer le sulfate de baryum, qui est sans influence sur Toxydation periodique, nous acidi- 
fions par 2 cc d’acjide sulfurique N et ajoutons 10 cc d’acide periodique N/10. Apres 30 minutes de con- 
tact vers 20° on filtre la solution pour eiiminer le sulfate de baryum qui pourrait catalyser la decom- 
position du peroxyde d’hydrogdne. Cette catalyse etant lente nous utilisons 20 cc de peroxyde d’hydro- 
^ene e 10 volumes i)our laver le precipite. Cette eau oxygenee ayant servi au lavage est melange© soit 
a 9 cc de lessiye de soude 4 30%, soit 4 10 cc d’ammoniaque e 20%. Ces solutions meiangees sont ver- 
sees dans le filtrat de I’oxydation periodique. Apres 48 heures d© contact k la temperature ordinaire 
I’acide phosphorique libere est dose par la technique indique© plus haut. 

Dans le tableau II nous avons groupe les resultats obtenus sur des milieux synthetiques 
analogues k ceux que nous pouvions rencontrer. Ces dosages ont done 6t6 effectues sur des 
melanges d’a- et )8- glycerophosphates, orthophosphates et glyc6rol. 

Quand on eiimine par le baryum le phosphore mineral en presence de phosphore organique 


TABLEAU II. 


mg de PaOg organique 
mis en oeuvre 

mg de 

mineral 

ajoutes 

1 

Cc de 
glycerol 
M/10 
ajoutes 

Co d’acide 
periodique 
N/10 reduits 
par le 

precipite 

barytique ♦) 

mg de PjOg mineral doses 
la fin des diverses mani- 
pulations 

a-glycero- 

phosphate 

)8-glycero- 

phosphate 

Milieu 

sodique 

Milieu 

ammoniacal 

0 

0 

■■ 

0 

0 

<0,1 

< 0,1 

0 

35 


2 

0,2 

1.1 

0,5 

14 

0 


2 

0,25 

10,75 

11.25 

14 

0 


2 

0,4 

11,5 

11,0 

14 

0 

10 

3 

0,3 

11,0 

11,0 

14 

0 

20 

3 

0,6 

10,75 

11,0 • 

14 

14 

10 

2 

0,2 

11,25 

11,5 

28 

0 

10 

2 

0,3 

22,0 

23,0 

34 

0 

10 

2 

0,4 

31,25 

30,0 


♦) 1 cc d’a-glyoerophosphate M/10 correspond k 7,1 milligr. de PjOj organique et peut reduire 
2 cc d’acide periodique N/10. 1 cc de glycerol M/10 peut reduire 4 cc d’acide periodique N/10. 
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ce dernier est fr^quemment fixe en proportion plus ou moins importante par le pr6cipit6 bary- 
tique. Nous avons dos6 ra-glyc&ophosphate dans ce pr6cipit6: ce dernier, lav6 ^ Talcool bouil- 
lant, est dissous dans Tacide chlorhydrique dilue, le baryum est pr^cipite par Tacido sulfurique 
et Tacide glyc6rophosphorique titr6 par oxydation periodique selon la technique de Fleury 
et Paris ®). Les resultats obtenus font ^galement partie du tableau II. 

Nous sommes a meme de constater qu’une petite quantity d’a-glyc4rophosphate est tou- 
jours retenue sur le pr6cipit4 barytique. Cette quantity augments avec la valeur du rapport 
phosphore mineral/phosphore organique. Cette perte et I’oxydation non integrale du diose- 
phosphate ne permettent de retrouver sous forme min6ralo quo 85 a 90% du phosphore de 
l’a-glyc4rophosphate. 

Si la technique n’est pas rigoureusement quantitative elle pennet cependant de doser avec 
une bonne approximation I’a-glycerophosphate dans ces milieux complexes. L’addition d’une 
preparation fermentaire imm^diatement avant la precipitation barytique n’a pas modifie 
sensiblement ces resultats. Avec une dose d a-glycerophosphate correspoiidant a 85 mg de 
organique en presence de 2 et 4 cent, de diastase de FOrge germee du Codex fran^ais nous avoiis 
retrouv6 27,0 et 29,4 rag de PgOg mineralises. Toutefois, nous avons constate dans certains cas 
que les substances etrangeres introduites par la preparation fermentaire entravent la dephos- 
phorylation oxydante du diosephosphate. Pour un dosage rigoureux il serait necessaire de les 
eiiminer par un defecant approprie. Comme nous voulions tout d’abord rechorcher la mutase 
nous avons tourne la difficulte en verifiant que de Fa-glycerophosphate ajoute au milieu etait 
dephosphoryie.- k une autre prise d’essai do 10 cc du melange reactionnel oil nous recherchoiis 
Fa-glycerophosphate nous ajoutons 4 cc d’a-glycerophosphato M/10 puis nous poursuivons 
paralieiement les deux series de dosages. Nous avons obtenu, dans tons les cas, la mineralisation 
d’au moins 80% de Fa-glycerophosphate ajoute. 

Bocherche do la mutase. En utilisant la technique que nous venons de decrire nous 
n’avons jamais pu deceler la formation d a-glycerophosphate a partir de son isomere p, 
connaissant pas le ph optimum do la mutase eventuelle nous avons fait des essais en milieu acid('t 
et en miheu alcalin. Les preparations suivantes nous ont fourni des resultats negatifs *). 

Emulsine d’Amande- douce k ph 6,0 (-f) et 37°. 

Poudre d’Amande deiipidee ph 6,0 (-f ) et 37°. 

Amandes doucea ph 9,4 ( — ) et 37°. 

Amandes des noyaux de p^ches ph 5,9 (+ ) it 17° et 37° et ph 9,4 ( — ) aux mdmes temperatures. 

Graines d’Orge perie ph 6,7 (+) k 18° et 37° et ph 9,0 (— ) k 18° et 37°. 

Graines de Pavot blanc ph 5,3 (-f- ) k 18° et 37° et ph 9,4 ( — ) k 18° et 87°. 

Limbes de feuilles fraiches d’Epinard k ph 5,0 (-f ), 8,2 ( — ) et 9,6 ( — ) tous ces essais a 18° et 37°. 

Pulpe de placenta frais de Femme extraite par le chlorure de potassium isotonique; cette extrac- 
tion est effectu6e k 0° en utilisant 3 parties de placenta pour 4 de solution chlorur^e ph 6,0 (-f) et 
7,8(-f)ii 37°. 

Autolysat de rein de Pore dans Feau chloroform6e ph 5,0 (-f ) 6,3 (-f ) 7,8 (-f ) 9,8 ( — ) k 20° et 37°. 

H^maties humaines laqu^es dans Feau distilMe ph 8,0 (-f ) 18° et 37°. 

Divers ^chantillons d’urine humaine ph 8,0 (-f) et 37°. 

S4rum humain ph 8,5 (+) ^ 18° et 37°. 

Tons ces essais ont fourni des resultats negatifs ooncordants. Voici ^ titre d’exemple les 
chiffres obtenus k ph 6,0 et 87° avec 0 g, 50 de poudre d’Amande deiipidee pour 100 cc de j6-glyc4- 
rophosphate M/20. Les chiffres correspondent k des prises d’essai de 10 cc (contenant k I’origine 
85 mg de PgOg organique). 


Dur6e de reaction (en heures) 



2 

24 

48 

mg de PjOg mineral Iib6r6s par la phos- 
phatase 

0 

2,0 

3,0 

11, s 

13,5 

mg de PjOg mineral apr^s action de IO4H 
puis de H2O2 -f NHj 

0,5 

0 

1.0 

0 

0,5 


•) Les signes -f ou — indiquent la presence ou Fabsence d’une activity phosphatasique. 
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D’une fa9on g6n6rale on trouve en moyenne 0,5 mg de P2O5 mineral aprts les diverges 
operations (precipitation barytique, oxydation par I’acide periodique puis le peroxyde dliydro- 
gene alcalin). Les chiffres obtenus dans les recherches de mutase chevauchent avec ceux fournis 
par les temoins sans diastase; nous pouvons en deduire qu’il n’y avait pas de mutase dans les 
echantillons que nous avons etudies. II est impossible de generaliser des resultats negatifs et 
d’affirmer qu’une mutase des glycerophosphates n’existe pas; nous pouvons seulement constater 
que, si elle existe, elle est peu r6pandue. 

II est particulierement interessant de noter que les deux preparations fermentaires oil Ton 
pouvait Boupgonner }a presence de la mutase n*en renfennent pas; ce sont Tautolysat de rein de 
Pore et la poudre d’amande d 61 ipid 6 e. La transposition biochimique du j8-glyc6rophosphate en 
a- observee par Tun de nous C^) en presence de ces deux preparations fermentaires provient done 
d’une synthese de Y a-glycerophosphate h partir des produits d’hydrolyse du p. Enfin, I’etude 
de ces di verses preparations contenant des phosphatases indique qu une mutase no parait pas 
intervenir dans les hydrolyses phosphatasiques habituelles. On peut done admettre que les 
multiples recherches effectu6es sur les cinetiques d’hydrolyse des a- et j8-glycerophosphates, 
etudiees isoiement ou simultanement ne sont pas perturbees par une mutase. 

Conclusions. 

Divers faits experimentaux pouvaient s’interpreter par Texistence d’une mutase 
isomerisant le j 3 -glycerophosphate en a. 

Nous avons 6tabli une technique analytique permettant la recherche de cette 
mutase. L*a-glyc6rophosphate est oxyde en diosephosphate qui est ensuite d6phos- 
phoryl6 par le peroxyde d ’hydrogene alcalin. Dans ces conditions le j8-glyc6rophosphate 
n’est pas oxyde et est dephosphoryI6 d’une fa^on negligeable. 

La recherche de la mutase dans divers preparations fermentaires d’origine veg6tale 
ou animale a toujours fourni des resultats negatifs. 


Nous remercions MM. les Professeurs H. HfeRisssY et P. Fleury pour I’interCt qu’ils ont porte 
a nos recherches. 
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I. Objet du travail. 

Les recherches de Mellanby, de Pappenheimer, ont permis de realiser chez le Eat on 
croissance une dystrophie ossense analogue au rachitisme humain, en faisant ingerer aux ani- 
maux iin regime d^sequilibre par exc^s de calcium (Ca/P superieur ^ 2,6). De nombreux travaux 
ont 6tabli par la suite que le rachitisme experimental ainsi obtenu ne relevait pas seuh^ment de 
facteurs alimentaires, mais aussi de facteurs osseux, necessairerneiit secondaires aux 
premiers. Nous nous sommes proposes d’apporter une contribution k Tetude de ceux-ci. 

Deux probiemes ont retenu notre attention, a savoir: I’existence possible au cours du ra- 
chitisme, soit d’un trouble dans le mecanisme phosphatasique d’enrichisse^ment des os en ions 
phosphoriques, soit d’un d^faut d’aptitude des pieces squelettiques a fixer le „sel de I’os”. 

Le premier pose la question suivante: Tout os en voie de developpement rapide ronfenne 
en abondance un enzyme hydrolysant les esters phosphoriques (Eobison), dont le principal 
r61e est de lib^rer des ions PO4 au niveau de la substance osseuse. La dystrophie rachitique 
est-elle en relation avec une diminution de I’activit^ phosphatasique des os? II ne le somble 
pas, d’apr^is les observations qualitatives faites par Eobison et Soames i), par Demuth 2), 
par PoLiCARD, Ptou, Eoche et Boucaumont 3), suivant lesquels les os des sujets en p^riode 
aigiie de rachitisme experimental ou pathologique sont phis riches en enzyme que ceux des 
temoins normaux. De plus, I’existence d’une hyperphosphatasemie precoce dans le rachitisme 
humain est un fait classique, I’origine osseuse de I’exces d’enzyme alors present dans le s^rum 
etant a priori tr^s probable (Eaoul et Vinet ^)). 

Par centre, selon Scoz 5) ,,dansle rachitisme experimental, le ralentissement des processus 
de syn these osseuse est caracterise par une diminution du pouvoir phosphatasique de I’os . . . 
tandis que la gu6rison va de pair avec une augmentation de celui-ci.” Les experiences de 
Scoz ayant donne des resultats en desaccord avec ceux des auteurs precedents meritaient 
d’etre reprises et etendues, d’autant plus que toutes les autres observations, poursuivies sur 
un petit nombre de sujets en periode de rachitisme aigu, n’apportent pas de donnees sur les 
variations de I’activite phosphatasique des os au cours du rachitisme experimental. Or celui-ci 
presente une evolution reguliere bien connue des biochimistes. 

Lorsque des Eats de 30 grammes re^oivent un regime rachitigene (Ca/P = 8 environ) 
leurs os longs sont le si^ge, en particulier au niveau de leur cartilage de conjugaiaon,de troubles 
progressifs de la calcification atteignant leur maximum d’intensite en quinze jours. Ces troubles 
regressent par la suite et, lorsque les animatix ont attaint le poids do 70 a 80 grammes, ce qui 
exige en general trente jours, leurs os sont redevenus a peu pr^s normaux k I’examen radio- 
graphique, bien que leur mineralisation demeure inferieure k celle des anirnaux temoins de 
rndme poids (A. Eoche et I. Garcia 7)). II en est probablement ainsi parce quo I’organisation 
des lesions du type rachitique n’est possible qu’avec une croissance tr^s rapide des os n'existant 
qu’au debut de la vie. Quoiqu’il en soit, les jeunes anirnaux soumis ^ un regime rachitigene par 
desequilibre salin, pr6sentent d’abord des lesions osseuses qui disparaissent par la suite, bien 
que les conditions de I’experience demeurent les memes. 
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Nous nous sommes proposes d’^tudier les variations de Tactivite phosphatasique 
des os d’animaux en croissance au cours de cette Evolution du rachitisme experimental. 

Le second des probtemes que nous nous sommes pos6s porte sur une phase de 
Tossification encore mal connue, ^ savoir la fixation des sels k la partie prot6ique des 
pieces squelettiques. 

La gen^se de la substance osseuse comporte la transformation d’un tissu indifferenci6 en 
une matrice douee d’une aptitude exceptionnelle k retenir les sels phosphocalciques. II est done 
possible que le rachitisme soit dii k une reduction de Taffinit^ de la substance osseuse pour les 
ions phosphorique et calcium, comme Tont dej4 pens6 Lehnerdt ®), Pfaundler ®), Freuden- 

BERG et Gyorgy 10), Ship- 
ley, Howland et Kra- 
mer 11), Klinke 12), Eo- 
BENHEiM 12), la plupart de 
ces auteurs ayant localise 
leur attention sur le cal- 
cium osseux. II nous a paru 
que Ton ne pouvait se faire 
k cet 6gard une opinion 
ferme que par des expe- 
riences d’ordre quantitatif 
que nous avons essaye de 
realiser. 

Tels Bont les deux buts 
de ce travail. 

n. Recherches person- 
nelles. 

A. Variations de 
Tactivite phosphatasique 
des os pendant revolution 
du racUtisme experimen- 
tal. Nous avons soumis 
vingt sept rats *) pesant de 
25 k 80 grammes au regime 
rachitigene de Eandoin et 
Lecoq et sacrifie les ani- 
maux k des temps divers compris entre le sixieme et le quarantieme jour d’experience, les lesions 
osseuses atteignant leur maximum en quinze jours d’experience et disparaissant k Fexamen 
radiographique en trente environ. Les os ont ete soigneusement disseques et Tactivite 
phosphatasique en a ete dosee par la methode mise au point par Tun de nous, Filippi et 
L^andri 14), rapportant le pouvoir phosphoesterasique k la matrice prot6ique des os afin 
d’eiiminer les poBsibilit6s d’erreur dues k des inegalites de mineralisation. Les dosages ont 
porte sur les tibias et les femurs (diaphyse et epiphyse separees), sur les omoplates, sur les 
os de la voute du cr&ne et sur les incisives. 

On trouvera dans les figures 1, 2 et 8 Tensemble des donnees obtenues, auxquelles nous 
avons joint celles determinees anterieurement par Roche, Filippi et L^andri 14) sur des ani- 
maux normaux de meme poids provenant du mSme eievage. 

Les resultats obtenus, dont la signification sera discutee plus bas, traduisent dans leur 


*) On trouvera le detail des donnees relatives k ces experiences dans un travail d’ensemble 
de Tun de nous 15). 
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Fig. 1. Activite phosphatasique relative des femurs de Rats de 
irieme poids, normaux (O A □) ou soumis depuis des temps divers 
au regime rachitigene (# A ■). 

Abscisses; jours de r%ime rachiti^ne. 

Ordonnees: activite phosphatasique. 
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ensemble une augmen- 
tation de Tactivit^ 
phosphatasique des os 
chez les animaux ra- 
chitiques dans la pe- 
riods oil les lesions 
osseuses s’organisent, 
les premieres manifesta- 
tions histologiques de la 
dystrophie apparaissant 
en deux jours au niveau 
des cartilages de conju- 
gaison et atteignant leur 
maximum d’intensit^ en 
douze a quinze jours. Par 
contre, on note une di- 
minution du pouvoir 
phosphoest^rasique 
lorsque ces memes 
lesions r4gressent,leur 
dispartion k I’examen ra- 
diographique s*op6rant 
en trente jours environ. 

B. Variations de 
Tatfinit^ des os pour les 



jours de regime 


Fig. 2. Activite iihosphatasique relative des tibias de Rats do 
in^me poids nonnaux (O □ A) ou souinis depuis des temps divers 
k un regime rachitig^ne (• A ■). 

Abscisses: jours de regime rachitig^ne. 

Ordonn^es: Activity phosphatasique. 
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Fig. 3. Activity phosphatasique relative d’omoplates, de voutes 
craniennes et d 'incisives de Rats normaux (O A □) ou souinis 
depuis des temps divers k un regime raohitigdne (• A ■). 
Abscisses: jours de regime rachitig^ne. 

Ordonn^es: Activity phosphatasique. 


d’un fragment osseux en voie de calcification 
pour les ions phosphorique et calcium a exigd une 
laborieuse mise au point technique, dont on 
trouvera Texpesd dans un travail ant6rieur de 
Fun de nous (i^). En voici le principe: 50 k 60 
mg de la zone d’ ossification du tibia comprenant 
la rdgion juxta dpiphysaire du cartilage de con- 
jugaison et le ddbut de la metaphyse sont rassem- 
bles k partir du squelette de six Rats. On les 
place pendant 16 heures a 37° dans 15 cc. d’uno 
solution contenant par 100 cc., 10 mg Ca et 
5 mg P (4 r6tat do phosphates), deph= 7,1 *). 

*) Cette solution, couramment utilis^e par 
Robison et ses collaborateurs pour leurs recherches 
de I'ossification in vitro, 
^ contient par 100 cc. : 0.027 gr. 

■ J Ca Cl; 2,42 cc. de solution 

2 ^ tampon de phosphates m/15 

h de Sorensen ph — 7,1; 

° ! S 0,90 g Na Cl; 0,03 g NaHCO 

i I I 1-1 j I I I 1 i 0,04 gr KCl; 0,025 MgSO*. 

^ nende^^me pe^ite quantity de CaCO, 

, ^ ^ se formant au moment de 

loplates, de voutes ^ preparation est dissoute 

O A □) ou souinis ^ TT/^n i ^ i 

itigdne (• A ■). par HCl k 1 pour 100 et 
Ton ramdne ensuite le ph 
le. ‘ k 7,1. 
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Une quantity voisine du meme materiel oBseux eet plac4e, dans des conditions identiques, 
dans 16 cc. d’uno solution de meme composition que la pr4c6dente, k ceci pr^ qu’elle no 
renferme ni calcium, ni phosphates; on constitue ainsi un essai t^moin. £n effet, le dosage 
du calcium (m^thode de Kramer et Tisdall) et des phosphates (m 6 thode de Briggs — 
Bobison) au debut et a la fin de Texp^rience dans Tune et Tautre maceration osseuse permet 
de preciser, d’une part les quantites d’ions PO 4 et Ca + + perdues par les fragments Studies 
dans les solutions qui ne renferment pas ces ions et, d’autre part, les quantit^s de ceux-ci 
fix^es dans le milieu les contenant. 

De nombreuses experiences preiiminaires poursuivies sur le cartilage de conjugaison ou 
sur la metaphyse d'os longs de jeunes veaux, nous ont permis de constater que Ton pent me- 
surer avec une approximation satisfaisante Taffinite de ces tissus pour les ions PO 4 et Ca++ 
par la somme: Quantite d’ions PO 4 et Ca + + disparues de la solution renfermant ceux-ci + Quan- 
tite des memes ions abandonnees par les temoins. 

Ce mode de calcul ne saurait etre tenu pour rigoureux, mais, dans le cas present, la nettete 
des resultats obtenus justifie son emploi. Dans les conditions oil nous nous sommes places, les 
fragments osseux temoins ne perdent pratiquement pas de phosphates, tandis qu’ils cedent au 
milieu des quantites appreciables de calcium; aussi nos resultats sont-ils a coup sur plus precis 
en ce qui concerne les premiers que le second *). 

Nos experiences ont porte sur quatre lots de six rats pesant environ 80 g, dont doux> 
servant de temoins, ont re^u une alimentation normale, tandis que les deux autres ont ete 
Boumis au r 6 gime rachitigene de Kandoin-Leooq pendant dix jours, ce deiai etant necessaire 
pour obtenir des lesions importantes. Les animaux ont ete sacrifies le meme jour et Faffinite 
de la zone d’ossification de leurs tibias pour les ions PO 4 et Ca++ a ete mesuree suivant le pre- 
cede decrit plus haut. Les resultats obtenus ont ete les suivants: 


Etat des animaux 

Poids d’os (mg) 

Y Ca fix6s 

Y P fix6s 

Normal (6 rats) 

52 

227 

195 

Normal (6 rata) 

47 

195 

120 

Rachitique (6 rats) 

67 

15 environ 

45 

Rachitique (G rats) 

62 

44 

15 environ 


Ces donnees temoignent d’une ires importante diminution de Faptitude de la zone 
d’ossification tibiale k fixer les ions phosphorique et calcium au cours du ra- 
chitisme experimental. 

ni. Conelusion. 

Les faits observes sont significatifs tant en ce qui concerne les facteurs osseux du rachi- 
tisme experimental que le r61e de la phosphatase dans Fossification. 

II est hors de doute que la dystrophie osseuse etudiee n’est pas due a une reduction de 
Factivite phosphatasique des pieces squelettiques comme le pense Scoz ®). Bien plus, les 
os des rachitiques sont plus riches en phosphatase que chez les animaux 
normaux de meme poids dans la periode ou les lesions s’organisent, tandis 
qu’il n’en est plus de memo lorsque celles-ci regressent. 

La mise en evidence d’une augmentation precoce de Factivite phosphatasique des os au 
cours du rachitisme experimental merite d’etre rapprochee des observations faites sur Fhyper- 
phosphatasemie des rachitiques humains. Comme Font recemment rappeie Kaoul et Vinet 

♦) L’independance relative du comportement des ions PO4 et Ca++ dans ces essais est en 
accord avec de recentes observations de Logan et Kane^^) sur la solubilite des sels de Fos dans les 
humeurs. 
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„ce symptdme apparait avant les signes cliniques et radiographiques et meme avant les anfcres 
Bignes biochimiques . . il se retrouve constamment dans le pr^rachitisme des enfants nor- 
maux au point de vue clinique {he. cit. p. 208, (4).” Nos recherches apportent done une justifi- 
cation de la determination precoce de la phosphatasemie chez les rachitiques et peraiet de 
preciser que celle-ci ne saurait avoir d’interet quand la guerison des lesions osi amorcee. 

II n’est pas actuellement possible de preciser avec certitude le inecanisme de ces faits. 
Comme on I’a souvent observe (Kobison et Fell i®), Koche et Bullinger la substance 
pr^osseuse (os et dents embryonnaires) est toujours la plus riche en phosphatase* dans la periode 
qui precede la calcification massive. Tout se passe comme si, dans le cas present, son evolution 
normale etait en quelque sorte arret^e ^ un stade ou Tenzyme est produit en abondance sans 
que la calcification soit d^^ja possible. La phosphatase apparait ici, une fois de plus, comme 
n’intervenant que pour permettre un enrichissement local en ions phosphorique sans relation 
avec la fixation des sels sur les os. Celle-ci est uniquement regie par les proprietes de la ma trice 
proteique en voie de formation. Le defaut de calcification du squeletto provoqu6 
exp^rimentalement par Tadministration des regimes rachitig^nes usnols re- 
leve directement d’une reduction de I’affinite des os pour les ions phosphori- 
que et calcium. Notre conclusion rejoint a cet egard celle de Kosenheim 13), a savoir: ,,que 
Taptitude du cartilage a se calcifier diminue au fur et a mesure que Ton prolonge la periode de 
regime rachitig^ne”. 

Les observations que nous avons faites dans ce domaine ne font que traduire une modifi- 
cation profonde de la matrice proteique de Tos en voie de formation. A ce titre, elles attirent ^ 
nouveau I’attention sur les prot^ines de celle-ci, dont une connaissance plus approfondie est 
indispensable au progr^s de nos connaissances dans la biochimi^de Tossification. 

Resume. 

1. Le rat en croissance soumis a un regime rachitigene par exces de calcium 
presente une forte augmentation de Tactivite phosphatasique de ses os, longs ou plats, 
pendant la periode oh les lesions osseuses se developpent. Le pouvoir phosphoest^rasique 
des pieces squelettiques redevient par la suite progressivement normal, tandis que le 
rachitisme r^gresse (,, guerison spontanee’'). Le defaut de calcification des os ne tiont 
done pas a un abaissement de I’activite phosphatasique dans le cas etudie. 

2. La precocite de Thyperphosphataseraie observee au cours du rachtisme doit 
etre relive h Thyperproduction intense et rapide d’enzyme par Tos, 

8. Le rachitisme experimental va de pair avec une forte diminution de Taptitude 
des 08 a fixer les ions phosphorique et calcium in vitro. 

1) R. Robison, K. M. Soames, Biochem. Jl. 19, 153 (1925). — 2) F. Demuth, Biooh. Zs. 160, 
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4) Y. Raoul, A. Vinet, Bull. Soc. Chim. Biol. 23, 205 (1941). — 5) G. Scoz,Boll. Soc. Ital. Biol, speriin. 
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Influence des dinitroph4nols sur la pyruvo- et la 
succinod^hydrog^nase 

PAR 

L. MASSART bt L. VANDENDRIESSCHE 

(Lab. de Chim. physiol. y Ec. VStir., Univ., Gand.) 

(24.X.41.) 


II a d6montr6 dans une publication de ce laboratoire (^) concernant Taction biochimique 
des dinitroph6nols sur les cellules de levure, que ces composes sont des inhibiteurs puissants de 
la carboxylase. Oonsid^r^s par rapport au pouvoir inhibiteur, on peut classer les dinitrod^riv^s 
4tudi6s de la fa^n suivante: dinitroph6nol 2,5 ^ dinitroph^nol 2,4 > dinitrocyclopentyl- 
oxybenzol > dinitro-a-napbtol > dinitrotbymol > dinitrocr^sol > dinitroph6nol 2,6. Le 
paramononitropbenol et le pb6nol meme sont pen ou pas toxiques. 

D’autre part, nous avons communique recemment (2) que certains dinitrophenols, k savoir 
les dinitrophenols 2,4 et 2,6 inhibent fortement la pyruvod6hydrase, alors que le dinitrophenol 
2,6 est inactif k la meme concentration. Dans la meme communication preliminaire, nous avons 
dit que ces r6sultats revStent, k notre avis, une triple importance: 

1°. ils pourraient expliquer la toxicite marquee des dinitrophenols vis k vis des sujets 
animaux; 

2°. ils permettent d*a border d'un autre c6t6 le probl6me que Long et Peters 3) ge gont 
pose, k savoir Tanalogie dans le comportement de la carboxylase et de la p3nnivod6hydrase; 

8®. ils pourraient donner des indications sur la place qu'occupe la pyruvodehydrase dans 
la respiration principals, k condition que Tinhibition constates est suffisamment specifique, ce 
qui d’apres certains resultats obtenus semblait etre le cas. Ce sont surtout les deux derniers 
points que nous etudierons plus en detail dans ce travail. 

Long et Peters 3) en etudiant le mechanisms d’action de la carboxylase et de la pyruvo- 
dehydrase, ont pu demontrer que la decarboxylation oxydative est specifique, en ce sens que 
le a-ketovaierate n’est pas attaque par la pyruvodehydrase, tandis qu’il est decarboxyie active- 
ment par la carboxylase de la levure. Ils en ont conclu que la partie proteique de la carboxylase 
et de la pyruvodehydrase sont differentes. Nos resultats montrent toutefois que si les parties 
proteiques des deux ferments consideres, ne sont pas identiques, ils se comportent toutefois 
d’une fa^on analogue vis k vis d’inhibiteurs tels que le dinitrophenol et le bleu de methylene, ce 
qui pourrait s’expliquer par Texistence de groupements identiques dans la partie proteique des 
deux ferments en question. 

En ce qui concerne les dinitrophenols, nous avons pu demontrer, que tous les composes qui 
inhibent la carboxylase, diminuent aussi Tactivite de la pyruvodehydrase. En outre, en classant 
les corps etudies par rapport au pouvoir inhibiteur, on obtient la meme serie que pour la car- 
boxylase, k savoir: dinitrophenol 2,5 ^ dinitrophenol 2,4 > dinitrocyclopentyl-oxybenzol > dini- 
trothymol > dinitrocr68ol > dinitrophenol 2,6. Le paramononitropbenol et le ph6nol sont, tout 
comme pour la carboxylase, peu ou pas toxiques (cf. Tableau I). 

Pour mettre Taction des dinitroderives en evidence, nous avons prepare la pyxuvodehy- 
drase k partir du tissu cerebral du cobaye en suivant les prescriptions de Long et Peters 3). En 
general, nous avons obtenu par cette methode des extraits actifs; il nous est arrive toutefois 
aussi d’obtenir des preparations, qui ne reagissaient pas sur Taddition de pyruvate, c. k d. pour 
lesquelles le temps de decoloration du bleu de methylene etait le meme avec et sans addition de 
pynivate. Notons que Long et Peters ont eiabore leur methode pour du tissu cerebral de 
pigeon. Les difficultes que nous avons rencontrees proviennent probablement de la difference 
dans les animaux d*exp6rience. 

Peters et Wakblin citent dans un appendice de la publication de Long et Peters 3), que 
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TABLEAU I. 

Influence des dinitroph^nols sur la puruvod^hydrase. 
M6thode de Thunbbrg modifi^e suivant Szent-Gyorgyi 5). 


Les tubefi contiennent: 0,3 cc de phosphate Ringer 3) ou resp. 0,3 cc du corps 6tudi6 dans du phosphate 
Ringer; 0,2 cc de bleu de m6thyl6ne (40 y); 0,3 cc de phosphate Ringer ou resp. 0,3 cc de pyruvate 
5% dans du phosphate Ringer; 1 cc de la preparation de pyruvod6hydrase. 


corps etudie 

temps de reduction en minutob. 

sans 
pyru- 
vate , 

avec pyruvate — concentration du 

corps etudie 

0 

10“3M 

5.10-<mI 

10- -‘M 


I0-‘M| 

10-«M 

dinitrophenol 1.2.5 

> 30 

15 



> 30 



n 


> 20 

9 

> 20 

— 

— 

— 

— 



> 30 

15 

— 

— 

> 30 

— 

24 



> 30 

15 

— 

— 

> 30 

— 

24 

15 


> 30 

16 

— 

— 

— 

— 

25 

— 


> 30 

16 

— 

— 

— 

— 

25 

— 


> 30 

16 

— 

— 

— 

— 

26 

— 

dinitrophenol 1.2.6 

> 30 

11 





— 

— 

12 

— 


> 30 

11 

— 

— 

18 

— 

— 

— 

dinitrophenol 1.2.4 

> 30 

11 

— 

— 

— 

— 

25 

— 


> 30 

11 

— 

— 

> 30 

— 

— 

— 

dinitrocydopentyloxybenzol . . 

> 12 

r.i/2 





— 

— 


— 


> 12 

61/2 

— 

— 

11 

— 

7 

— 


> 16 

8 

— 

16 

— 

— 

— 

— 

dinitrothymol 

> 15 

7 



— 

10 

12 

— 

— 


> 15 

7 

— 

— 

10 

13 

— 

— 

dinitrooresol 

>15 

G‘/2 

> 15 

— 

71/2 

~ 


— • 

paramononitrophenol 

15 

6 

m 

— 

— 

7 

— 

— 


15 

6 

m 

— 

— 

7 

— 

— 

phenol 

15 

9 

8 

— 


— 

— 

— 


15 

8 

8 


8 





dans certaines experiences aerobes ils ont constate une inhibition de la pyruvodehydrase par le 
bleu de methylene, alors qu’aux memes concentrations en milieu anaerobe, ils n’ont pu observer 
aucune action defavorable du bleu de methylene. Or Miohablis a pu demontrer que le bleu 
de methylene est un inhibiteur de la carboxylase. L’un de nous a confirme et etendu ce dernier 
resultat en demontrant que cette inhibition est surtout marquee en milieu aerobe (i). Nous 
avons repris ces experiences et nous avons pu prouver que Taction du bleu de methylene sur la 
carboxylase est progressive, Cette inhibition progressive se retrouve d’ailleurs pour la thionine, 
le bleu de cresyl et le bleu de toluidine. 

Pour etendre les analogies dans le comportement de la carboxylase et de la pyruvodehy- 
drase, nous avons etudie Tinfluence du bleu de methylene sur Toxydation du p3aruvate par le 
tissu cerebral du lapin. Nous avons pu constater ainsi, que ce tissu montre, apres une courte 
activation transitoire, une inhibition considerable et progressive de la consommation d’oxygene 

M 

en presence de bleu de methylene (tableau II). 

Pour situer la pyruvodehydrase dans le cycle de la respiration principale, nous avons etudie 
Taction des dinitrophenols sur le muscle de pigeon prepare d’apres Szent-Gyorgyi et coll. (5). 
Nous avons pu constater ainsi, que la decoloration du bleu de methylene par ce tissu est forte- 
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TABLEAU II. 

Influence du bleu de m^thyl^ne sur Toxydation du pyruvate. 

Las appareils de Warburg contiennent: 1 cc. d*une suspension de tissu c6r6bral de cobaye (1 gr. de 
tissu ooup4 en morceaux trds minces et puis suspendu dans 10 cc. de RiNOER-phosphate); 0,7 cc. de 
RiNGER-phosphate sans ou avec bleu de m4thyl6ne (concentration finale 10”® M); 0,3 cc de pyruvate 

Id 

de sodium (concentration finale KOH pour I'absorption de COj. Les r^sultats sont donnas 
en mm* de Oj de 30 en 30 minutes pendant deux heures. 



sans bleu de 
mAthylAne 

avec bleu de 
mAthylAne 

de 0 A 80 min 

95 

58 

30 A 60 min 

90 

32 

60 A 90 min 

85 

18 

90 A 120 min 

83 

13 


TABLEAU III. 

Influence des dinitroph^nols sur la decoloration du bleu de methylene par le 

muscle pectoral du pigeon. 

Le muscle pectoral du pigeon est pass6 A travers un broyeur de Latapie, suspendu dans un tampon 
au phosphate de ph 7,3, puis passA A travers un linge. On obtient ainsi une suspension trAs fine, qui 
contient tous les ferments de la respiration prinoipale (5). 

Les tubes de Thunberg contiennent: 1 cc de la suspension tissulaire; 0,5 cc de bleu de mAthylAne 

1)7)00^’ 0,7 cc de tampon ou reap. 0,7 cc du dinitrophAnol AtudiA. 


corps AtudiA 


temps de reduction en minutes — concentration du corps 
AtudiA 



0 

10"»M 

5.10"* M 1 

10”® M 

5.10”® M 

10““ M 

dinitrophAnol 1.2.5 

2 % 

_ 

_ 

«>/2 


2% 


2 

— 

— 

— 

5 



2V, 

— 

— 

— 

— 

3 

dinitrophAnol 1.2.4 

2% 

— 

— 

7% 

— 



2 

> 10 





— 

— 


2% 

— 

__ 

m 

— 

— 


2 

— 

— 

— 

43/4 

— 


2 V 4 

— 

— 

8 V 4 

— 

— 

dinitrophAnol 1.2.6 

2 

21/2 

— 

— 

— 

— 


2 i 

4 

2% 


— 

— 


2 


2% 





ment retardee. II est remarquable, que tout comme pour la carboxylase et la pyruvodAhydrase, 
les dinitrophAnols 1.2.6 et 1.2,4. exercent une action inhibitrice trAs forte, tandis que le di- 
nitrophAnol 1.2.6. ne provoque pas d ’inactivation (tabl. III). Ces rAsultats pourraient faire penser 
que la pyruvodAhydrase occupe une place importante dans le cycle de la respiration principale, 
de telle fa^on qu’une inhibiton de la pyruvodAhydrase entrainerait automatiquement un arret 
de la respiration. Nous nous trouvons en effet devant un phenomAne analogue A celui de I’inhi- 
bition de la respiration par I’acide malonique, sur lequel SzENr-GYOROYi ®) a construit la thAo- 
rie de la catalyse par les acides dicarboxyliques en C 4 . Les conceptions actuelles n’attribuent pas 
un r61e aussi important A la pyruvodAhydrase. Nous avons en consAquence examinA de plus prAs 
la spAcificitA de I’inhibition causAe par les dinitrophAnols. Nous avons AtudiA entre autres Taction 
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des dmitroph6nols sur la succinod^hydrogenase, ferment pour lequel le muscle pectoral du pigeon 
coDStitue une source tr^s riche. Nous avons pu constater ainsi, que les dinitropheiiols 1.2.4. et 
1.2.6. retardent consid^rablement la decoloration du bleu de m^thyl^ne par la succinodehydro- 
g^nase. Le dinitroph6nol 1.2.6 est de nouveau presque depourvu d'action k la meme concen- 
tration (10~^M). Les autres dinitroph6nols et surtout le dinitro thymol sent des inhibiteurs mar- 
ques; le phenol et le paramononitrophenol soiit peu ou pas toxiques (tabl. IV). 

TABLEAU IV. 

Influence dos dinitropheiiols sur la succinod6hydrog^nase. 

La succinod4hydrog6nase est prepar6e a partir du muscle pectoral du pigeon d'apres la m^thode de 
Lehman 10). Les tubes de Thunbekg contieiment: 1 cc de la preparation fermentaire; 0,5 cc de bleu de 

m6thyl^ne ; 0,3 cc de tampon an phosphate ph 7,3 ou resp. 0,3 cc de succinate de sodium 

(C 404 H 4 Na 2 • 10 aq.) 10%; 0,7 cc d’eau ou resp. 0,7 cc du dinitrophenol ^tudi^. 


temps de reduction eii minutes 


corps etudi6 

sans 

succinate j 

avec 

succinate 

concentration du corps 
etudie 

(en presence de suc/cinate) 


10“ «M 

10-6 M 

dinitrophenol 1.2.5 

> 20 

2y„ 

11 

_ 


> 20 

3 

— 

4 ‘/a 


> 20 

3 

— 

4*4 

dinitrophenol 1.2.4 

> 20 

2*/2 

:i 


— 


> 20 

— 


dinitrophenol 1.2.6 

> 20 

2'/, 

3 % 

— 


1 > 20 

3 


— 

dinitrothymol 

> 20 

31/2 

14 

— 


> 20 

:C/2 

14 

— 

dinitrocyclopenthyloxybenzol 

20 

;t-/2 

H 

— 


> 20 


S 

— 

dinitrocresol 

> 20 


41/2 

— 


> 20 

31/2 

4’/2 

— , 

paramononitrophenol 

> 20 

31/2 

33/4 

— 



3>/2 


— 

phenol 

> 20 


3 >4 



> 20 





D’apr^s Szent-Gyorgyi et coll. (O* '^) le schema de la respiration principale peut etre repre- 
sente de la fa^on suivante: 

Og — syst^me Warburg, Keilin — succinodehydrog^nase — diaphorase H 2 . 

Euler O) et Green admettent toutefois que la diaphorase peut r^agir avec le cytochrome 
sans passer par la succinod^hydrog^nase. L ’inhibition do la succinod^hydrogeiiase par les dinitro- 
phenols permet de r^envisager cette question. D’apr^s la th^orie de Szent-Gyorgyi I’oxydation de 
substrats tels que le lactate, le succinate, le pyruvate doit etre inhibee de la memo fa 9 oii que la re- 
spiration sans addition de substrat. En etudiant la decoloration du bleu de methylene par le muscle 
<ie pigeon (^) avec et sans addition de succinate, pyruvate et lactate, nous avons pu observer: 

1°. que la decoloration du bleu de methylene est retardee par les dinitropheiiols avec et 
sans addition des substrats mentionnes; 
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2^ que radditiondepjrayate seiil, provoque une mhibition considerable, qoi est encore 
renforcee en presence de dinitrophenol (tabl. V). 

TABLEAU V. 

Influence des dinitrophenols sur la decoloration du bleu de m4thyl^ne par le 
muscle pectoral du pigeon, sans et avec addition de diff6rents substrate. 

Le muscle pectoral du pigeon est traite comme il a 4te deorit pour le tableau III. Les tubes de Thun- 

BERG contiennent: 1 cc de la preparation tissulaire; 0,5 cc debleu demethyldne-^— ; 0,3 cc de tarn- 

0*000 

pon au phosphate ph 7,3 ou resp. 0,3 cc du substrat k la concentration de 5%. Le dinitrophenol 

employe est le 1.2.5. 


temps de decoloration en minutes — concentration en dinitrophenol 


0 

10-** M 

5.10"* M 

10“»M 

■ 

1 



10“*M 

sans addition de substrat 

4 1 32 1 - 


8 V 4 

avec addition de succinate 
1 13% 1 - 


4V. 

— 

isy. 


3V4 


- 

10 





13% 

8% 

8% 

avec addition de lactate 

1 - 1 - 

11 

W 2 

32 




20 

— 

— 


- 

12% 

— 

19 

avec addition de pyruvate 

1 - 1 >40 1 - 


Ces resultats, plus specialement ceux cites sous le 1®, appuyent done d'une fa^on excellente 
la theorie de Szbnt-Gyorgyi. Si Ton se sert toutefois de roxyg^ne k la place du bleu de methy- 
lene comme accepteur de Thydrogene active, on constate que Tinhibition causee par les dinitro- 
phenols est 50 k 100 fois moins forte et les trois dinitrophenols e savoir le 1.2.4, le 1.2.6 et le 1.2.6 
presentent un degre de toxicite quasiment egal (tabl. VI). Ce resultat peut etre interprete de 
deux fa 9 ons: 

TABLEAU VI. 

Le muscle pectoral de pigeon est traite tel qu’il a ete decrit pour le tableau V. 
Les appareils de Warburg contiennent: 1 cc de la prejjaration tissulaire, 0,7 cc de tampon au phos- 
phate ou resp. 0,7 cc du dinitrophenol etudie, KOH pour Tabsorption de CO 2 . 

Les resultats sont exprimes en mm* d’Og absorbe en 30 min. 


sans dinitrophenol 

avec dinitrophenol 1.2.5 

10~»M 

10"* M 

10"* M 

10"«M 

276 

] 

126 

280 

270 

292 

sans dinitrophenol 

1 

avec dinitrophenol 1.2.6 

10"* M 

10"* M 

10-<M 

10-*M 

252 j 

j 172 

246 

237 

251 


r. on pourrait admettre que Thydrogene active ne suit pas le m^me chemin, suivant que 
le bku de methylene ou respectivement I’oxygene sont les accepteurs. 

2®. on pourrait aussi supposer que Tii^ibition de la succinodehydrogenase est beaucoup 
plus forte en milieu anaerobe. 
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Bemarquoos enfin qae I’inhibition simultan^e de la carboxylase, de la pyruvod^hydrase 
et de la succinod^hydrase par les dinitroph^nols, conduit k admettre dans ces trois ferments 
I’existence d’un groupement indentique dans la partie prot^iqne du ferment. 

Toutes les experiences ont ete faites 4 88° et ph 7,3. 

Resume et conclusions. 

1°. Les dinitrophenols inhibent la pyruvod6hydrase prepar6e suivant Lono et 
Fetbbs. 

2°. Les parties proteiques de la carboxylase et de la pyruvod6hydrase sent carac- 
terises par certains groupes commons. Ceci est demontre non seulement par I’inhibition 
causee pour les deux ferments par les dinitrophenols, mais aussi par I’inhibition causee 
en milieu aerobe par le bleu de methylene. 

3°. L’action de la suocinod6hydrogenase est fortement retard6e par les dinitrophenols. 

4°. La respiration du muscle pectoral du pigeon mesuree d’apres la methode de 
Thunbbbo est i^ibee dans les mSmes proportions que la succinodehydrogenase. Quand 
onsesertdel’oxygene comme accepteur de I’hydrogene active, I’inhibition de la respira- 
tion principale est 50 e> 100 fois moins forte que celle observ6e lorsqu’on se sert du bleu de 
methylene, du moins en ce qui concerne les dinitrophenols 1.2.4 et 1.2.6. 

1) L. Vandendriessehe, Enzymol. 10, 69 (1941). — 2) L. Massart, E. Dufait, Enzymol. 9, 320 
(1941) . — 3) C. Long, R. Peters, Bioch. Jl. 88, 759 (1939). — 4) L. Michaelis, V. Moraguez, C. V. Smythe: 
Enzymol. 8, 242 (1937). — 5) A. v. Szent-Gyorgyi et coll., Zs. physiol. Chem. 280, 1 (1935). — 6) A. v. 
Szent-Gy6rgyi, Studies on biological Oxydations, Leipzig, 1937. — 7) L. Massart, Zs. physiol. Chem. 
258, 190 (1939). — 8) H. von Euler, H. HellstrSm, Zs. physiol. Chem. 252, 31 (1938). — 9) J. G. Dewan, 
D. E. Green, Bioch. Jl. 82, 626 (1938). — 10) J. Lehman, Skand. Arch. f. Physiol. 58, 45 (1929). 
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Crystalline Peroxidase 

(Preliminary eommanieation) 

BY 

H. THEOBELL 

(Biochemical Institution of the Medical Nohel Institute, Stockholm) 
With 2 figures. 

(10.XIL41.) 


Since April 1941 we have been able to prepare the classical peroxidase of horse-radish 
(,,11'*, (1)) in crystalline state, in the shape of thin needles of constant composition (fig. 1). 
By the aid of suitable optical arrangements the crystals can be shown to be double refracting. 

The first steps of purification were essentially performed according to Elliott and Keilin 2) 
and Keilin and Mann ^), up to the fractional precipitation of the dialyzed ammonium sulphate 
precipitate with alcohol. In agreement with the findings of the above-mentioned investigators 
we obtained preparations of P.N. (purpurogallin number) == 150 — ^200 at this stage. Various 
adsorption methods employed by Willstatter and coworkers (4) were tried with little success, 
so we finally abandoned the adsorption methods and made use of the extremely low migration 
velocity of the ferment in electrophoretic experiments, even at high degrees of alkalinity, in 
order to remove faster migrating impurities (polysaccharides, inert proteins, coloured sub- 
stances). The electrophoresis was followed by fractionation with ammonium sulphate. In most 
cases the electrophoretic purification had to be repeated once more before homogeneous pre- 
parations were obtained. In one preparation 193 kg of horse-radish gave 2.8 g of crystalline fer- 
ment, in another 180 kg only yielded 0.5 g, owing to partial destruction of the ferment during 
electrophoresis at ph 12. 

The homogeneity of our crystallized material was ascertained not only by the appearance 
of crystals, which is no definite proof in the case of proteins, but also by homogeneous migration 
in the electric field and by the usual tests of solubility in ammonium sulphate solutions. The 
hemin content of the electrodialyzed material was 1.48%. *) The absence of hemin, other than 
that of the prosthetic group, was proved by reversible dissociation of the peroxidase. The ni- 
trogen content is 18.8%. Bial's pentose reaction is negative. 

The light-absorption curve is similar to that of methemoglobin, and shows maxima at 
260, 402, 500 and 640 xs^i, with slight intensifications at 880 and 550 m/x. The band at 588 m^, 
described by Keilin and Mann, is absent in pure material. 

The li^t-absorption remains constant from ph 4, the lowest value which is not detrimental 
to the ferment, to ph 9. At higher values the colour turns red (Keilin and Mann). We measured 
the equilibrium-constant: 

(Fe>->)(OH0 

(Fe-*OH) 

and found the value pk'=: 10,90. The slope of the logarithmic curve indicates n= 1. The 
corresponding dissociation-constant in ferrihemoglobin is 8.15 (Austin and Drabkin^), 
Coryell, Stitt and Paulino 2)). 

The P.N. of the crystalline preparations is about 1000. The higher values sometimes 
reported in the older literature will be discussed in a later paper. 


It may be added (2.IV.1942) that ultraoentrifugation and diffusion experiments proved 
the complete homogenity of the material and gave a molecular weight of 44,100. The nunimal 
molecular weight, calculated from 1.46 % hemin, is 44,000. This peroxidase thus contains one 
molecule of hemin per molecule (2). 
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The xoagaetic properties of the peroxidase were determined by the aid of a micro-method 
worked out here which will be described in a later paper. It was evidently practically impossible 
to prepare enough peroxidase material for an investigation with the method employed by 
Pauling and co-workers, which requires 2.6 — 6 g of hemoglobin for one determination. Owing 
to the lower hemin content of peroxidase, 7.6 — 16 g would have been necessary in order to attain 
the same sensitivity. With our method it was possible to carry out accurate determinations 
on 0.06 g of peroxidase. The molar paramagnetic susceptibility of peroxidase and some of its 
derivatives are given in table I. 


TABLE I. 


Compound 

Xm X 10», 
20° 

Number of 
odd electrons 
in Fe. 

Analogous compounds 
of ferri-Hb (Pauling, et al.) 

Xm X 10* 
corr. to 20° 

Number of 
odd electrons 
in Fe. 

Peroxidase, ph 4 — 9 


5 

14,240 

5 

Alkaline Peroxidase, ph 12.35 


1 ? 

8,350 

3 

Fluoride-Peroxidase 

14,600 

6 

14,810 

5 

Beduced Peroxidase 

11,400 

4 

12,470 

(horse) 

4 

Beduoed Peroxidase -f CO 

0 

0 

0 

0 

SH-Peroxidase 


1 

2,170 

1 

CN-Peroxidase 


1 

2,640 

1 

H202-Peroxidase 

< 4,800 

1 ? 

? 



Despite the close resemblance of the absorption-spectra of peroxidase and ferrihemoglobin, 
noteworthy differences exist as regards their magnetic properties. Peroxidase in neutral solution 
has the same susceptibility as cytochrome c at ph 1.3 („type II” (7)). Both values are lower 
than that for ferrihemoglobin in neutral solution, but approach the value for ferrihemoglobin 
in somewhat acid solution (®). In alkaline solution the iron in peroxidase is linked by essentially 
covalent bonds, whereas the iron in alkaline ferrihemoglobin gives an intermediate value, pro- 
bably corresponding to 3 odd electrons (®). 

Mechanism of peroxidase action. 

We have found a hitherto unknown primary addition-compound, formed by equivalent 
amounts of hydrogenperoxide and peroxidase, which is greenish in colour and characterized 
by a sharp band at 668 m/x. Very soon, however, the colour begins to change to red, and the 
bands at 660 and 630 m/x, described by Keilin and Mann as pertaining to jjHgOg-peroxidase I” 
appear. Both the green and the red form instantly give the normal peroxidase spectrum on 
addition of hydroquinone. Prom these experiments we conclude that the green form is the 
physiologically active one, because there cannot possibly be enough time available for the 
formation of the two HgOj-compounds, described by Keilin and Mann in the presence of sub- 
strates: it should be remembered that the transition-number of peroxidase is of the order of 
10® — 10® per minute. 

In the systems containing peroxidase, HgOg and polyphenols the iron remains in the tii- 
valent state all the time. This type of reaction is not inhibited by carbon-monoxide. However, 
we were recently able to show that peroxidase acts as an aerobic oxidase, when dihydrox^aleic 
acid is employed as substrate. This reaction is inhibited by carbon monoxide; the inhibition is 
very sensitive to light. Beagents which give compounds with forriperoxidase also inhibit the 
reaction. A valency change 

Ferric ^ Ferrous 

is thus involved in this reaction, which is both oxidatic and peroxidatic, because 
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the presence of minute amounts of hjdrogen-peroxide is necessary to maintain the oxygen* 
uptake. It is therefore evident that hydrogen-peroxide can exert a catalytic activity in oxidation 
processes. It may be of some interest to point out that in the presence of dihydroxymaleic acid 
peroxidase behaves analogously to Wabburg's oxygen-transmitting ferment, which was cha- 
racterized by light-sensitive carbon monoxide- and by cyanide inhibition. 

The presentation of our experimental material will follow as soon es possible. 

1) Theorell, Ark. f. Kemi, Min. o. Geol. (Stockholm) 14 B, nr. 20 (1940 — *41). — 2) Elliott, 
Keilin, Proc. Roy. Soc. London B, 114, 210 (1939). — 8) Keilin, Mann, ibid. 122, 119 (1937). — 
4) Willstatter, Pollinger, Liebigs Ann. 480, 290 (1923). — 5) Austin, Drabkin, Jl. of Biol. Ohem. 
112, 67 (1935). — 6) Coryell, Stitt, Pauling, Jl. Amer. Chem. Soc. 59, 633 (1937). — 7) Theorell, ibid. 
08, 1820 (1941). — 8) Coryell, Pauling, Jl. of Biol. Chem. 182, 769 (1940). — 9) Theorell, Ark. f. 
Kemi, Min. o. Geol. (Stockholm), in print. 




Aneurin in cow's and goat's milk 

(Preliminary commimieation) 

BY 

S. DE JONG 

(Laboratory of „Het Nederlandsch Inshtuut voor Volksvoeding**, Amsterdam) 

(7.II.42.) 


Hitherto only free aneurin was assumed to occur in milk; in fact, the methods (ratgrowth- 
and thiochrome test) such as they have been used, rendered a distinction between free aneurin, 
aneurinorthophosphate (AOP) and aneurinpyrophosphate (APP) impossible. 

We combined the determination of free and total aneurin by means of the thiochrome- 
method with the manometric determination of APP (1), and could, in this way, calculate 
separately the aneurin-, AOP- and APP-content of various samples of goat’s and cow’s milk 
(Table I). 

TABLE I. 


Values for the aneurin-, AOP-, and APP-content of various samples of goat’s and cow’s milk. 


g 0 a t’s milk 

c 0 w’s milk 

y% oi aneurin in the form of: 

y% of aneurin in the form of: 

free aneurin 

AOP 

APP 

free aneurin 

AOP 

APP 

11 

62 

0 

84 

1 


12 

42 

2 

82 

8 

0.5? 

17 

84 

8 

27 

5 

— 

12 

34 

— 

25 

0 

0.5? 

9 

88 

— 

26 

4 

— 

13 

67 

— 

26 

2 

— 

18 

86 

— 

24 

3 

— 

14 

22 

2 

28 

0 

— . 

10 

83 

— 

20 

0 

— 

17 

28 

— 

27 

2 

— 

11 

89 


32 

7 

— ■ 


These figures indicate that, whereas in cow’s milk aneurin is almost completely present 
in the free form, in goat’s milk the greater part may be found as AOP; the presence of APP 
is difficult to establish: small amounts seem to occur in the latter milk. 

In the course of our investigations we could explain the above-mentioned facts by the 
different action of a phosphatase in cow’s and goat’s milk: within six hours 200 y of APP, 
incubated at ph= 6.2 and 27.6® with 40 cc of goat’s milk, are completely converted into AOP; 
the dephosphorylation of AOP proceeds much more slowly: after 24 hours the rise in the free 
aneurin content of the same reaction-mixture is only 6 y. The same experiment, repeated with 
cow’s milk, yielded an AOP-formation of equal velocity, but the formation of free aneurin 
— amounting to 90 y after 24 hours — was much higher than in the case of goat’s milk. 

As the phosphatase, present in goat’s udder, produces a rapid dephosphorylation of both 
APP and AOP, the following assumptions were, in our opinion, justified: 

1. aneurin is secreted as APP — the main form in which it is present in animal tissues — 
and is dephosphorylated afterwards; 

2. the difference between goat’s and cow’s milk is due to the inhibition of the decompo- 
sition of AOP in the former. 
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Prelimmary experiments with human milk showed close agreement with goat’s milk as 
regards phosphatase activity, viz, rapid dephosphorylation of APP and slow dephosphorylation 
of AOP: we could therefore predict the presence of AOP in human milk *). 

As goat’s milk and human milk, in contrast to cow’s milk, contain hexosephosphorio 
acids (2), we investigated the influence of hexosediphosphate on both reactions; it appeared 
that the addition of 20 — 80 mg% calcium-hexosediphosphate to cow’s milk resulted in a marked 
inhibition of the breakdown of AOP, whereas the dephosphorylation of APP was only very 
slightly affected. It therefore seems possible that hexosediphosphate alone or in combination 
with other compounds is responsible for the presence of large quantities of AOP in goat’s milk. 

1) H. G. K. Westenbrink, D. A. van Dorp, M. Gruber, Rec. Trav. chim. 60, 185 (1941). — 2) 
G. de Toni, G. Graf, Zb. Kinderbeilk. 60, 74 (1938). — 3) W. Neuweiler, Klin. Wb. 20, 1072 (1941). 


*) While our experimentB were in progreBs, Neuweiler 3) published some figures which 
confirmed our hypothesis: the action of diastase-MsRCK on human milk resulted in a higher recovery 
of aneurin which he — no doubt erroneously — ascribed to the presence of APP. 
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On the synthesis and decomposition of aneurin- 
pyrophosphate by living yeast 

(Preliminary communication) 

BY 

H. G. K. WESTENBEINK and H. VELDMAN 

(Lahoratory of Physiological Chemistry, University, Amsterdam) 

(20.11.42.) 


A short time ago Sperber l) published a note on the synthesis of aneurinpyrophosphate 
(APP) from aneurin by living yeast. As we had carried out several experiments on the per- 
meability of the yeast cell for aneurin and APP and had made some observations, which seemed 
to supplement the work of Sperber, we have now extended our work along similar lines as 
followed by this author. Though we were able to confirm his observations we do not think his 
conclusion, viz, the identity of the enzymes decomposing and synthesizing APP, is right. More- 
over we have found some remarkable new features of the aneurin metabolism of yeast, which 
we think worth while to record in this preliminary note. 

Sperber stated that the ph-optimum of the synthesis is situated at about 8.7 and that this 
reaction is inhibited by 2-methyl-4-aminopyrimidyl-5-methyl-aminodihydrochlorido („pyri- 
midyl”). The present authors, together with van Dorp and Gruber 2) had found previously 
that APP is converted into aneurin by a yeast phosphatase, possessing a ph-optimum at 3.7 
and inhibited by „pyrimidyr*. Combining these facts Sperber concluded that the decomposition 
and the synthesis of APP are brought about by the same enzyme. 

The case is much more complicated, however. In the living yeast cell APP is not present 
in free form, but is bound to protein. APP added to living yeast is much more rapidly converted 
into aneurin than its synthesis takes place (exp. 3). The added APP permeates into the yeast 
cell (exp. 1) and most of the aneurin which is formed leaves the cell (exp. 2). It then permeates 
into the cell again, where it is reconverted into APP and bound to protein (exp. 8). As far as our 
knowledge goes only when linked to protein does APP become resistent to the action of phos- 
phatase (3). 

The conversion of free APP into aneurin is so rapid that under certain experimental 
conditions all added APP has disappeared within one minute, while the synthesis of APP from 
the aneurin formed only attains completion in about one hour (exp. 3). Hence we must conclude 
that one and the same enzyme cannot bring about hydrolysis and synthesis, for should this be 
true an equilibrium would immediately be reached, whether starting from APP or from aneurin. 

Our most remarkable finding, however, is the following: the synthesized APP is not bound 
to apocarboxylase, though it is present in a form in which it is not readily attacked by the phos- 
phatase. For though the APP content may be increased to about 1700% of the amount originally 
present, the carboxylase activity of the yeast, when dried, has not increased (exp. 4). 

Experiments. 

Our work was carried out with bakers’ yeast („Koningsgist”) from the „Neder]andsche Gist- en 
Spiritusfabriek”, Delft. 

Experiment 1. 

The experiment, described by table I, proves that the medium, in whicli fresh living yeast 
is suspended, contains some phosphatase. Probably this phosphatase originates from damaged cells, 
for when the yeast is repeatedly washed, the second washing fluid already contains much less than 
the first one, while the phosphatase contents of the third and the fourth washing fluids are 
negligible. Yet the APP added to the washed cells is readily decomposed; so we must conclude 
that the APP permeates into the cells, where it is decomposed. 
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TABLE I. 


y of APP 


APP was determined in: 


I. fresh yeast 

II. a siispension of 1 g of yeast in 5 cm® of 0.1 mol. primary phos- 

phate (ph 4.5), which had been left standing at 15° C for 30 
minutes after the addition of 60 y of APP 

III. the centrifugates, obtained from repeatedly washing 8 g of 
yeast with 16 cm® of prim, phosphate, 80 min. after the addition 
of 50 y of APP to 6 cm* of centrifugate (15° C), 

let centrifugate 

2nd „ 

8rd „ 

4th „ 

rV^. the washed yeast cells, suspended in 16 cm® of prim, phos- 
phate, 80 minutes after the addition of 50 y of APP per 5 cm® of 
suspension (15° C) 



Experiment 2. 

1 g of yeast was washed 4 times with 5 cm® of prim, phosphate. The washed cells were suspended 
in 5 cm* of this solution and 50 y of APP were added. After standing for 5 minutes at 15° C, the 
suspension was centrifuged and aneurin was determined in cells and centrifugate separately. The 
cells contained 2 y and the centrifugate 25 y of free aneurin. 

Experiment 8. 

4 g of yeast were incubated in 36 cm* of 0.1 mol. succinate buffer, ph 8.7, at 27.5° C. 300 y of 
APP were added and samples were pipetted at 30", 20', 40', 60' and 90' after the addition of the 
APP. APP determinations gave the following results: 

Time: 80" 20' 40' 60' 90' 

y of APP per g of yeast: 14 84 68 68 78 

So we see that the APP added is completely decomposed within one minute and that the re- 
synthesis of APP is a much slower process. 

Experiment 4. 

4 mg of aneurin were added to 14 g of yeast, suspended in 126 cm® of succinate buffer, ph 8.7. 
The suspension was shaken for 16 hours at 27°.5 C. The yeast was separated by centrifuging, washed 
8 times with water and dried at room temperature in a thin layer on a glassplate (yeast I). The dry 
yeast contained 560 y of APP per g, while a sample of the original yeast, non- treated with aneurin and 
dried in the same way, only contained 84 y of APP per g (yeast IT), 

Carboxylase determinations were carried out in the following way; the main compartments 
of WARBURO-bottles contained a few mg of dried yeast, suspended in 1.5 cm® of 0.1 mol. phosphate 
buffer, ph 6.2, 5 mg of Na pyruvate, dissolved in 0.2 cm® of the buffer, were tipped in from the side 
bulb. The results are given by the following table: 



Yeast I 

Yeast II 


2.5 mg 

6 mg 

2.6 mg 

6 mg 

COj production in 28 min. (mm®): . . . 

86 

133 

95 

182 


So we see that the carboxylase activity of yeast I was rather lower instead of higher than that of 
yeast II. 

1) E. Sperber, Naturwiss. 29 , 765 (1941). — 2) H. G. K. Westenbrink, D. A. van Dorp, M. 
Gruber, H. Veldman, Enzymol. 9 , 73 (1940). — 3) H. G. K. Westenbrink, A. E. Willebrands, Chr. E. 
Kamminga, Enzymol. 9 , 228 (1940). 
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On the ratio between the uptake of carbon dioxide 
and of the hydrogen donor in purple sulphur bacteria 

BY 

B. C. WASSINK 

{Biophysical Research Group under the Direction of L. S. Ornsteinf, Utrecht, 
and of A.J. Kluyver, Delft). 

With 10 figures. 

8th Communication on PhotoBynthesis *) 

(16.VL41) 


§ 1. Introdueiion. 

In a previous study on photosynthesis of purple sulphur bacteria (Eymbrs and 
Wassink 1)), the amount of carbon dioxide actually assimilated in the presence of thio- 
sulphate has been determined. The uptake of carbon dioxide was measured with the 
manometric method of Warburg. The chief difficulty, to be overcome, was the deter- 
mination of the additional uptake of carbon dioxide by the suspension medium, due 
to free metal ions, remaining from consumed molecules of the donor. 

The present paper deals with the determination of the ratio of the amounts of 
carbon dioxide and of hydrogen donor taken up in photosjmthesis. In § 2 experiments 
with gaseous hydrogen donors have been described; in § 3 experiments concerning the 
direct determination of the ratio thiosulphate : carbon dioxide are reported. 

The organism used, was the same as in the previous study (i), viz,, Chromaiium, strain 
D. Photosynthesis was again measured manometrically with the AVakburg -technique, using 
single manometers, and conical vessels with 2 sidebulbs without central well. For a d('tailod 
description of the experimental procedure and of the culture-method of the bacteria, wo refer 
to the paper of Wassink, Katz and Dorrestbin, to be published shortly (2), and to (f). 

With gaseous hydrogen donors the manometrically mt^asured uptak(^ of gas consists partly 
of donor, partly of carbon dioxide. Without further measures the separate amounts of each gas 
can not be established. However, a determination of these amounts is possible, if from one of 
the two compounds of the gas exchange, donor or carbon dioxide, only a known, limited amount 
is supplied, which then is allowed to be consumed completely during the experiment. In this 
case an uptake will result, surpassing the amount of gaseous compound added . On the assump- 
tion that all gas added has actually been consumed in photosynthesis, the surplus corresponds 
to the quantity of the other compound, simultaneously assimilated. In this way the ratio donor : 
carbon dioxide can be established. 

As far as we know, this ratio has been determined only in the case of hydrogen with Athiorho- 
daceae (Gapfron 3), Wbssler and French ^), Nakamura ^)). These authors added a known 
amount of carbon dioxide in the form of a weighed quantity of carbonate from a side bulb to 
the suspension of bacteria in phosphate buffer. The carbon dioxide was allowed to be assimilated 
in the presence of hydrogen. With the aid of this method Gapfron determined the ratio Hg : COg 
= 2 (1.85 — 2.25) for Rhodovihrio, whilst Wbssler and French arrived at the value 2.6 (2.8 — 2.9) 
for Streptococcus varUms. Without referring to the method applied, and without giving the limits of 
experimental error, Nakamura reports to have found H^ : COg— 2 for Bhodobadllus palustris. 

♦) Ist Comm.; Enzymol. 2 , 268 (1938); 2nd: ibid. 4 , 254 (1937); 3rd; ibid. 6, 100 (1938); 4th: 
ibid. 6, 110 (1938); 5th: ibid. 6, 146 (1939); 6th: ibid. 7 , 97 (1939); 7th: ibid. 7 , 113 (1939). 

Enzytnologia. Vol. X, 4-6. 17 
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The possibility of applying this method of dosage is limited; it is practically restricted to 
carbon dioxide in a gas phase containing hydrogen. Perhaps it may be used also in the case of 
HgS added as NagS or NaHS in a gas phase containing carbon dioxide. However, preliminary 
experiments have taught us that in this case serious complications arise. Moreover, a general 
drawback of this method is the remaining of alkali-ions, which leads to complications unless 
the dosages are restricted to very small quantities. Then, however, corrections for „auto-assimi- 
lation*’ may become undesirably important. 

For these various reasons we have applied another method of dosage, dosage as a gas, 
which could conveniently be used in the cases of COg, Hg and HgS. 

As far as we know, up to the present time this principle has been used in the study of photo- 
synthesis only once, viz., by Emerson and Green fi) in a study on the influence of the pressure of 
carbon dioxide upon the rate of photosynthesis in Cklorella. These investigators introduced a certain 
amount of carbon dioxide into a vessel containing the cell suspension and determined the rate of 
photosynthesis manometrically in the course of the experiment. In this way the decrease in carbon 
dioxide pressure could be computed and the relation between pressure and rate of carbon dioxide 
consumption could be derived from these data. 

§ 2. The manometric detemination of the amount of carbon dioxide assimilated 
in photosynthesis with gaseous hydrogen donors. 

So far we have applied the dosage technique to be described, to carbon dioxide, hydrogen, 
and hydrogen sulphide. Ih the case of COg and Hg we have taken the gas directly from a steel 
flask, in the case of HgS from a generator containing HCl and FeS, after passing the gas through 
a washing bottle with 1% NagS-solution. 

The dosage procedure runs as follows. The suspension liquid of the bacteria was phosphate 
buffer, ph 6.3, with NaCl (1). During filling, the WARBURO-vessels were attached to the manometers, 
and a suitable gas was flowing through, e.ff. Nj + 5% COg in the case of dosage of Hg or HgS, and Ng -j- 
15% Hg in the case of dosage of COg. After the filling is ready, the manometers are placed into the 
thormostate and allowed to reach temperature equilibrium; excess gas is allowed to escape. Mean- 
while the container of dosage-gas is connected with a long capillary tube and the gas is allowed to 
pass on slowly. After sufficient time to assure that the tube is completely filled with the gas, it is 
connected with the closed leg of one of the WARBURG-manometers; thus the top of this leg and the 
8-way-tap are ventilated with the gas. The capillary tube is bent in such a way that it extends from 
the valve of Ihe steel flask to the top of the manometer. Now the manometer and the thermobaro- 
meter are read and then the gas is carefully let in. When care is taken that the stream of gas through 
the tube is not too fast, it is easily possible to obtain every dosage wanted. After closing the tap, the 
manometer liquid in the closed leg is brought again to the initial level and the manometer is read 
again. The difference in pressure as compared with the first reading is due to the gas introduced, the 
amount of which is easily calculated by multiplying the difference in levels with the vessel constant 
for the gas in question. With a vessel constant of ca. 2 the maximum dosage, easily to be handled is of 
the order of 600 cinm, i.e. 3% of the gas phase. Readings to other levels than to the usual 18.00 can 
not be avoided in the case of larger dosages, but as far as our experience goes, this does not interfere 
with an exacd, calculation. 

It should bo noticed that the gas. present in the boring of the tap is that of the initial gas phase, 
and that this gas is also introduced into the manometer. Therefore the content of the boring must be 
subtracted from the calculated volume of gas added. The remainder actually consists of the gas added. 
With very small dosages, amounting to less than twice the content of the boring, rather serious errors 
may result, probably due to mixing within the boring. In our manometers the boring had a content 
of ca. 50 crnm. 

Siipi)lying large dosages it often becomes necessary to introduce some additional „initiar* gas 
during the cxi)eriment because otherwise the level in the manometer-tubes comes beyond the scale. 
This can be done in the same way as the „dosage’* gas has been supplied. In such a case it has to 
be noticed, however, that now the boring of the tap is filled with the dosage-gas, so that a dosis of 
this gas is introduced at the same time. 

We read the manometers immediately after the dosage-gas has been introduced. At this moment 
as a rule an equilibrium of the added gas with the liquid in the manometer vessel will not yet be at- 
tained. But, since the partial pressure of the gas added is very low, the error made in this way does not 
surpass the limits of accuracy of the method. Only with relatively high doses of very soluble gases 
like COj and HjS it is necessary to make an additional reading after some minutes of shaking and to 
calculate the amoimt of gas from this reading with the „vessel constant*^ for the gas supplied. 

For the experiments under discussion we have used 5 — 7 manometers; the illumination was the 
highest possible with our Na-lamp, i.e. ca 2.5 • 10* ergs/cm* sec. The various manometers received 
increasing amounts of gas; in each series one manometer did not receive any gas. in order to estimate 
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the gas exchange due to the auto-assimilation. Mostly another manometer was supplied with an 
excess of the gas in question, in order to check the activity of the cells under optimal conditions. 

After the gas had been supplied and the manometers wen* shaken for some 5 — 10 minutes in 
the dark to attain equilibrium, the light was admitted. Then r(>a(lirigs were made every 5 minutes, 
lateron every 10 minutes. 

Figs. 1 — 8 give examples of the course of the readings in experiments in which various 
amounts of hydrogen, hydrogen sulphide, and carbon dioxide were supplied. In the case of hy- 
drogen also a control with 15% P 2 ^ cmni) is shown. In the same figures graphs of the extra- 
polated initial rate against the amount of gas admitted have boon given; at low concentrations 
proportionality exists in all cases. With carbon dioxide, saturation is reached at the highest 
dosis supplied. We have also calculated the gas exhanges in the first half hour of the experiment. 
As these show in principle the same relation as the extrapolated values for time zero they have 



Pig. 1. Initial rate and course of gas uptake with various amounts of hydrogen (CO 2 5%, ph 6.3, 29®, 

high light intensity). Exp. uf 24.10. ’39. 


not been presented. In the case of hydrogen sulphide, however, the initial rates showed rather 
important deviations from proportionality in the case of high doses (see below). As long as pro- 
portionality of the rate of photosynthesis with the initial concentration is observed, the supply 
of the dosage gas from the gas phase controls the bruto reaction velocity of the photosynthetic 
process. This also follow’S from the fact that in these cases the readings immediately begin to 
decrease with time. In the case of hydrogen this decrease is very gradual, in the case of the more 
soluble gases the initial rates are higher and the decrease is steeper. As indication that the amount 
of gas supplied has been consumed, has been taken that the readings equal those in the control 
without gas supply. At this point the experiment was finished. 

We still wish to draw attention to a few additional fealures. In the case of TI^S (fig. 2) the higher 
doses mostly start with an additional gas uptake. As far as could be ascertained (lie ratio between hy- 
drogen sulphide and carbon dioxide taken up in this part of the oxperiiiK‘nt does not deviate from that 
in the remaining course of the experiment. The curves extrapolated to firnezero, leaving out of con- 
sideration the exceptionally high readings at the beginning, yield rates which are linear to the concen- 
tration. This strongly suggests that these high readings are soinetliing ,, additional”, disappearing 
in the stationary state of illumination. In some cases, however, they lasted rather long, viz., about 
1 hour for the highest dosis, which suggests that an effect of biological character is involved. 

The strong extra gas uptake shown in the graph for carbon dioxide (fig. 3) is worth noting. At 
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Time in hours 


Fig. 2. Initial rate and course of gas uptake with various amounts of hydrogen sulphide (CO, 5% 
ph 6.8, 29®, high light intensity). Exp. of 30.10. '89. 
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Initial rate and course of gas Uptake with various amounts of carbon dioxide (H, 16%, 
ph6.8, 29®, high light intensity). Exp. of 19.10. '39. 
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the moment indicated by an arrow the two 
highest doses received an additional amount of 

..initial gas** in order to allow further reading A wfthout hydrogen donor y 


of the manometer. Now the content of the 
boring of the tap, containing „dosage gas** (car- 
bon dioxide) was introduced into the gas space, 
causing the extra uptake. That it is only obser- 
vable in the second curve and not or much less 
in the highest one, will be due to the fact that 
in the latter case the readings were not yet 
dependent on the concentration of carbon 
dioxide. In the second curve the surface of the 
extra uptake practically covers the amount of 
gas to be expected from the quantity of carbon 
dioxide introduced, mz.y about 8 X 60 = 160 
cmm (c/. below). 

As a rule the gas exchange in the con- 
trol vessel was found to be very small, 
especially in experiments in which the donor- 
gas was dosed, so that in the control vessel 
only CO 2 could be taken up. As various other 
parts of our work were connected with 
properties of the donor-action in photo- 
synthesis (2) we have taken special measures 
to obtain bacteria with as little „cellular 
donors’* as possible, in other words bacteria 


I SOL O bO % thiosuiphatff 



O I 2 3.tO^ 


Incident intensity in ergs/cm? sec 

Pig. 4. Effect of the addition of a hydrogen donor 
upon the rate of photosynthesis (CO 2 6%, ph 6.3, 
29°). Exp. of 8.9. *39. 

with the least possible auto-assimilation For 



this reason the bacteria w(3ro previously 
submitted to a „starvation” process. 

They were centrifuged from the 
culture-medium (1» 2), and suspended 
again in the same medium, however, 
without thiosulphate or malato. In this 
medium they were kept for ca 16 hours 
in the light (jabinet at about 29° in 
order to make them use up stored food 
substances. la the absence of a hydro- 
gen donor these bacteria did indeed not 
show an apiireciable gas exchange when 
illuminated under the conditions of our 
experiments (c/. fig. 4). 

Lateron, however, we observed 
that also without this treatment our 
bacteria behaved much in the same 
way. As the starvation caused a 
decrease in activity, it was in the 
later experiments mostly omitted, 
which was the more acctqi table as in 
the experiments dealing with dosage 
ot donor a blank was always run 
simultaneously with the vessels that 
had received hydrogen donor. Various 
authors have reported a larger auto- 

Fig. 5. Total uptake of hydrogen and car- 
bon dioxide with various initial amounts 
of hydrogen (CO, 6%, ph 6.3, 29°, high 
light intensity). Corrected for (small) gas 
uptake of blank. Exps. of various dates. 
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assimilation than we found {e,g, van Nibl 7)). It is difficult to tell what are the reasons 
for this difference. It may partly be due to the fact that we use very small amounts of bacteria 
j>cir vessel and perhaps also to the use of phosphate buffers of ph 6.3 as suspension media. 

In many experiments it took 8 — 10 hours before the gas supplied was consumed. The 
low doses were somewhat sooner exhausted than the high ones, but the difference is not very 
large, due to the fact that the rate of gas exchange is about proportional to the initial pressure. 
In most cases the activity of the bacteria did not remain constant during these experiments 

of long duration, but nevertheless 
it always remained satisfactory. 
In order to check this point 
sometimes dosage-gas was sup- 
plied in excess at the end of an 
experiment to vessels with low 
doses. In these cases immediately 
a rapid uptake of gas took place, 
indicating that the bacteria had 
stood the lasting exposure to 
the light very well. 

We have dealt with the data 
of an experiment as follows. For 
each dosis the corresponding total 
uptake of gas was presented in 
a plot dosis — uptake. It was al- 
ways found that the points could 
be connected by a straight line. 
So the ratio of the amounts 
taken up of the gas dosed and of 
that present in excess was not 
systematically dependent on the 
amount of gas dosed, in other 
words this ratio was constant in 
the range of doses studied. A 
slight scattering of the points was 
observed; also a few larger de- 
viations occurred. The straight 
line was drawn so as to fit in the 
best way the various points. The 
slope of the line was taken as 
yielding the value of the ratio. 
In this way the ratio obtained is 
an average derived from the 
whole experiment comprising 5-7 



Fig. (). Total uptake of hydrogen and carbon dioxide witli 
various initial ainountB of carbon dioxide (Hgl5%,pli6.8,29®, 
high light intensity). Corrected for (small) gas uptake of blank. 
Exp8. of various dates. 


doses. In order to eliminate the auto-assimilation all values of totsl gas uptake have been 
corrected for the small value observed in the vessel without gas supply i.c., all curves start 
in 0. All data relating to the same type of experiment have been plotted in the same graph, 
allowing a still more accurate establishment of the ratio in question. For the various types of 
expeiiments performed these graphs are represented in figs 5 — 7. 

In table I all values derived in this way from the various experiments have been collected. 
Thus the following average values for the ratio’s studied were found: 


Hg : COg (Hg dosed) == 2.13 ± 0.10 

Hg : COg (COg dosed) = 1.96 ± 0.10 

: COg (HgS dosed) = 1.97 ± 0.10 




268 


RATIO UPTAKE COg AND H-DONOR IN PURPLE SULPHUR BACTERIA 


The experiment 
with dosage of Hj 
of 16.10. '89 gave a 
value deviating wi- 
dely from the other 
ones. However, here 
only a few low doses 
were applied (max. 
160 cmm); therefore 
this value has been 
discarded in the 
computation of the 
average. The same 
holds for a few expe- 
riments in which COg 
was dosed as sodium 
carbonate. Here the 
ratio Hj : COg was 
found lower than in 
the other experi- 
ments. However, 
here the amount of 
carbon dioxide ad- 
ded was low, whereas 
moreover only few 
doses were given in 
each experiment. In 
our opinion also the- 
se values are less 
trustworthy, and 
they have not been 
averaged together 
with the other ones. 

Although only 
a relatively small 
number of experi- 
ments has been car- 
ried out so far, 
the data collected 
in Table I show suf- 
ficiently that both 
the ratios Hg ; COg 
and HgS : COg clo- 
sely approach the 
value 2.0 imder the 



Fig. 7. Total uptake of hydrogen sulphide and carbon dioxide with various 
initial amounts of hydrogen sulphide (COg 5%, ph 6.3, 29°, high light inten- 
sity). Corrected for (small) gas uptake of blank. Hxps. of various dates. 


conditions of our experiments. This suggests that the main conversions taking place 
in the course of the experiments may be represented by the simple equations: 


COg + 2 Hg CHgO + HgO and 

COg + 2 H2S--> CHgO + HgO + 2 S 

Additional evidence in favour of the latter equation was obtained by the fact that at the 
end of the experiments in which hydrogen sulphide was supplied, the cells showed a whitish 
appearance due to stored sulphur, which could be seen microscopically as the well-known highly 
refractive globules within the cells. Moreover a relation between the amount of sulphur stored 
and the amount of added, was obvious. 

A determination of the amount of sulphur in relative units was performed with the aid of 
our equipment for absorption measurements. A glass box was filled with the suspension of 
bacteria used in the experiment, and the light transmitted measured with the photocell in such 
a way that only light transmitted or scattered under angles less than 1®.6 was caught by the cell. 
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TABLE I. 

Ratio of the amount of hydrogen or hydrogen sulphide and the amount of carbon dioxide taken up 

simultaneously. 



11.10/89 

12.10. ^39 

13.10. *39 
1C.10.*39 


18.10. ’89 

24.10. *39 

25.10. ’89 

16.11. ’89 

29.11. ’39 


19.10. *39 

27.10. *39 


30.10. *89 

31.10. *39 

15.11. *39 


Compound Com- 

in pound 

excess dosed 


NajOO, 

Na,CO, 

Na,CO, 




Ha : COa = 
Ha : COa == 
Ha : COa = 
Ha : COa - 
Ha : COa == 


Ha : COa = ! 
Ha : COa - 

HaS : COa = 

H.S : CO. = 


Number of 
dosages 
from which 
ratio was 
established 




Excluded from 
averaging as on- 
ly related to a 
few low dosages. 


Average Ha : CO, 
== 2.13 ± 0.10 


Average Ha : CO* 
= 1.95 ± 0.10 

Average HjS : COa 
= 1.97 ± 0.10 


Thus the amount of sulphur was determined upon the basis of its property of scattering the 
light. The determination was made for two wavelengths, in which the bacteria do not show 
strong absorption, viz., at 9600 A, beyond the region of pigment absorption, and at 7100 A, in a 

region of low absorption. In fig. 8 the 

^ - extinction log ~ has been plotted 


A 7iooX 

E V 86ool yT against the amount of hydrogen sul- 

• phide, initially present. A linear 

• yT relation is obtained for both wave- 

lengths. A determination of the 

• y/* amounts of sulphur in absolute values 

c made. 

g yy Our chief aim with the experi- 

5 0.1 - y^ raents reported until now was to 

Z jT establish also for further experiments 

c amount of carbon dioxide assimila- 

Z ^ reading including also 

I ^ 1 1 I donor consumption. We believe to be 

^ o foo 200 300 400 right in accepting this amount to be 

,u.nt.ty of m cmm , jading in caseB in 

Fig. 8. Increase in light extinction of a suspension as which hydrogen or hydrogen sulphide 
caused by varying sidphur content in relation to the served as hydrogen donors. This holds 
amount of hydrogen sulphide supplied. strictly speaking only for the condi- 

tions concerned, viz., for ph 6.3 and 
temp. 29®. The determinations were made as a part of a more extensive study (2) in order to 
enable the interpretation of the gas exchange. In this study also experiments at other tempe- 
ratures and at other ph- values were included, but so far we have not determined the ratios 
CO) : hydrogen donor in those cases. 


200 300 400 

initial quantity of H2^/Wa8*l in cmm 


Fig. 8. Increase in light extinction of a suspension as 
caused by varying sulphur content in relation to the 
amount of hydrogen sulphide supplied. 
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Before concluding this section a few remarks may still be made. Figures 1 — 3 have shown that 
the dosage of gaseous compounds taking part in photosynthesis is not only useful in determining ratios 
of consumptions but also in studying the dependence of the velocity of the process upon low concen- 
trations of those compounds. In the case of carbon dioxide e.g. this method is strongly preferent above 
the method of limiting the available carbon dioxide by the use of carbonate mixtures of increasing 
ph. y^en applying the latter method one has to take into account the possible imfa^^ourable influence 
of high ph-values upon the cells, and in the case of purple sulphur bacteria perhaps also upon the 
reactive sulphur compounds. Moreover there is evidence that the cells of suspended unicellular orga- 
nisms can also assimilate carbon dioxide, supplied in the form of bicarbonate-ions, so t hat the purpose 
is not reached. 

Bmerson and Green®) have devoted a detailed study to this question in the case of Chlorella 
and also arrive at the conclusion that the very alkaline carbonate- bicarbonate mixtures show acces- 
sory unfavourable influences. It may be remarked that the study of carbon dioxide limitation of 
photosynthesis is easier in purple sulphur bacteria than in green organisms, as in the former case no 
simultaneous evolution of gas takes place, a drawback emphasiz(‘d for Chorella by Emerson and 
Green. Moreover, it seems to us that in our bacteria the rate of photosynthesis is limited by the 
pressure of carbon dioxide up to a much higher pressure than with Emerson and Green’s Chlorella. 
This agrees with an observation of French 8) on Athiorhodaceae, who finds saturation with carbon 
dioxide at a pressure somewhat above 1% of the gas atmosphere. Also the longer range of limiting 
pressures makes the use of purple bacteria advantageous over that of Chlorella for tlie study of carbon 
dioxide limitation. However, our fibservaticms on the rate of the process had only an incidental 
character in the present study. 

The method of dosage may also be useful in the study of the chemism of photosynthetic 
reactions in purple bacteria in which only one compound is a gas. An example is presented in the 
following section. Gapfron also reports observations along this line in connection with the 
use of organic substrates by Athiorhodaceae. 

§ 3. On manometrie determination of the conversion of thiosulphate by purple 

sulphur bacteria. 

With chemical methods Starkey studied the metabolism of colourless sulphur bacteiia 
in growing cultures in the presence of thiosulphate, and found this compound to be chiefly con- 
verted into polythionates, especially tetrathionate. Van Nibl gave as his opinion that the 
same will hold for purple sulphur bacteria. Assuming that tetrathionat(^ will be chiefly formed, 
a molecule of COg requires 4 molecules of thiosulphi^te to become converted into carbohydrate 
according to the equation: 

CO 2 + 4 Na^SgOs + 3 HgO OHgO + 2 4* 4 NaOH. 

The 4 molecules of sodium hydroxyde formed will give rise to a binding of 4 molecules of 
carbon dioxide in non-buffered media. Actually a value of 8.41 — 3.78 was found (i). This in- 
dicates that indeed the main conversion does not deviate much from the equal ion given. We have 
now also measured directly the amount of thiosulphate converted per molecule of CO 2 assimila- 
ted, with the aid of dosage experiments. 

In an analogous way as in the experiments reported in the preceding section, various amounts 
of thiosulphate were supplied in a series of 5 — 7 vessels and allowed to be completely consumed. 
The suspension medium was again phosphate buffer of ph 6.3, containing NaCl, temp. 29°, the 
gas phase was Ng — 5% COg, the Na-light intensity was the highest obtainable with our equipment. 
For the same reasons as outl ned in the preceding section a vessel without and one with excess of 
thiosulphate were run together with the others. Fig. 9 shows the course of the readings with 
time; the curves have about the same character as in the case of CO.^ or HgS, th() decrease 
with time being still more pronounced. With low concentrations also here the rate of photo- 
synthesis is directly limited by the external concentration. In fig. 9 also the relation of the 
rate of photosynthesis towards concentration is given for the values extrapolated fo time zero. 
In general the curve obtained from the readings for the first half hour showed a l(‘ss sharp bent 
between the regions of Imitation and saturation. Of course the values in lig. 9 could not be 
corrected for extra chemical uptake by the medium. This does not appreciably influence the 
results, since the phosphate buffer prevents any considerable uptake as long as the amount of 
sodium ions liberated is small. 

However, for the determination of the ratio thiosulphate: carbon dioxide it was necessary 



266 


B. 0. WASSINK 


to determine also the che- 
mical uptake of carbon 
dioxide by the medium. 
Therefore the amount of 
carbon dioxide initially 
present in the solution in a 
bound form, and also the 
amount present at the end 
of the experiment were 
determined. In all cases the 
values have been corrected 
for that obtained in the 
thiosulphate-free medium. 
Therefore, only the final 
value of bound carbon 
dioxide, in the vessel with- 
out and in the vessels with 
thiosulphate have to be 
taken into consideration 
for the calculation of the 
changes in bound carbon 
dioxide, due to the assimi- 
lation of thiosulphate. The 
determinations were made 
in the way described for- 



Time In hourf 


Fig. 9. Initial rate and course of gas uptake with various amounts 
of thiosulphate (CO, 5%, ph 6.3, 29®, high light intensity). Exp. 
of 14.11.’89. 



merly (^), with the aid of citric acid. The 
results of 8 experiments have been col- 
lected in fig. 10. 

Two sets of points, each yielding an 
average curve, have been given, vis., an 
average curve for the values directly ob- 
tained from the manometric readings and 
one obtained after correction of these va- 
lues for the chemical uptake of carbon dio- 
xide by the medium. Only the latter va- 
lues are important for the discussion. The 
thiosulphate 

average ratio — r — tt- thus found, 

carbon dioxide 

amounts to 3.76; for the three experi- 
ments represented it was 4.0 (exp. of 
8.11.'89), 3.2 (10.11.*89), 3.9 (14.11.*39). 
According to the equation discussed above 
this ratio will be the same as the ratio 

carbon dioxide extra bound . . . 

ux non-bui- 

carbon dioxide assimilated 

Fig. 10. Total uptake of carbon dioxide 
with various initial amounts of thiosulphate 
6%, ph 6.3, 29°, high light intensity). 
Corrected for (small) gas uptake of blank. 
Without and with correction for chemical 
uptake of carbon dioxide (see text). Average 
values of 3 experiments. 
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fered media. In this respect a good agreement with our data concerning the latter ratio (l) 
is obtained. 

The bacteria with the largest deviation from the theoretical value (exp. of 10.11. *39) showed the 
highest activity; apparently these bacteria had a stronger tendency to bring about a farther reaching 
conversion of the substrate. In the two other experiments the value obtained with thi liighest dosis lies 
slightly below the line fitting best the values for the lower doses, which means that here the ratio 
thiosulphate: earbondioxide is somewliat higher than the average of the experiment. With the lower 
doses there is perhaps a slight tendency to concurrent reactions, although for ihe duration of our 
experiments the deviations remain small. 

Just as was the case with the experiments reported in the preceding section, wo have not 
yet studied the various questions involved in greater detail. The experiments reported show 
once more the applicability of the raanometric method in relation with dosage-series also for 
the study of conversions of non-gaseous substances in metabolic processes. 

§ 4. Concluding remarks. 

From the results discussed in the preceding sections we wish to emphasize the observation 
that nearly always the values for the ratio carbon dioxide : hydrogen donor, derived from 
measurements at increasing doses in the same experiment, were independent of the dosis applied. 

Van Niel has pointed out that in bicarbonate media strongly different readings may 
represent about the same metabolic rate but are due to different reaction mechanisms. It was 
already demonstrated in detail before (l) that the danger for completely erroneous conclusions 
is much diminished by the use of phosphate buffers. In the dosage experiments a decrease 
of the readings is observed but when analogous points are considered, we find in all cases the 
same ratio carbon dioxide: hydrogen donor. Thus the same bruto reaction mechanism is encoun- 
tered independent of the initial amount supplied of a compound involved in the reaction. In the 
case of dosage of hydrogen this will not surprise very much, as there is no occasion for sub- 
sequent reactions. But when hydrogen sulphide and thiosulphate are supplied we know that in 
principle the products intermediately stored within the cell can be used again as substrates by 
the bacteria. In the case of hydrogen sulphide, we concluded to the formation of sulphur from 
the ratio COg : HgS, and also from direct observation. In the case of thiosulphate the formation 
of tetrathionate was concluded to, along two ways of manometric measurement ((i) and the pre- 
sent paper). The conclusion may thus be drawn that, under the conditions of our experiments, 
the conversions: 

COg + 2 HgS -^CHgO -f HgO + 2 S and 

CO 2 + 4 NagSgOg -f- 3 HgO-^CHgO + 2 Na28406 -f 4 NaOH 

prevail over reactions in which S, rosp. Na 2 S 40 g occur as substrates. Our results indicate that the 
reactions mentioned above have the tendency to run to completion before other conversions set 
in in an appreciable degree. Perhaps especially the ph of 6.3, which is generally considered to 
be „unfavouiable” to the metabolic system of these bacteria as a whole (they can not be grown 
at it), has the property of isolating special reactions and may be expected to suppress especially 
those conversions which yiela acid products like the conversions leading to sulphuric acid. 

In (2) distinct influences of ph upon the process of photosynsthesis in purple sulphur 
bacteria will be reported. It would undoubtedly be interesting to perform experiments of the 
type discussed in this paper, also at other values of ph with the same organism. 

Summary. 

In suspensions of the purple sulphur bacterium Chromatium, strain D, the ratio 
between the amount of carbon dioxide and the amounts of various hydrogen donors taken 
up in photosynthesis, was determined manometrically. All measurements reported were 
carried out with suspensions in phosphate buffer of ph 6.3, at 29® C. 

With the gaseous hydrogen donors Hg and HgS, the ratios Hg : COg, and HgS : COg 
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were studied by iatroducing limited amounts of these donors in a gas phase containing 
excess of carbon dioxide; in the case of hydrogen moreover by introducing limited amounts 
of gaseous carbon dioxide in a gas phase with excess of hydrogen. 

In this way the ratio : COg, and the ratio H^S : COg were found to be close to 2,0. 

The ratio thiosulphate: carbon dioxide was measured also directly, by supplying 
limited amounts of thiosulphate and measuring the corresponding total assimilation of 
carbon dioxide. The ratio thiosulphate: CO 2 was found to be in average 3,76, in good 
agreement with the value previously found from the determination of chemical uptake 
of carbon dioxide in non-buffered media. This result strongly suggests that the chief 
primary conversion of thiosulphate is that into tetrathionate. 

In all cases the ratio’s were practically independent of the amounts supplied, indi- 
cating that under the conditions of our experiments the first step of the metabolic con- 
version of the substrate runs to completion before additional conversions play an ap- 
preciable role. 

The rate of photosynthesis was directly proportional to the concentration of each 
of the compounds supplied, as far as the concentration was low. 

1) J. (1. Eyiners, E. C. Wasaiiik, Enzyinol. 2, 258 (1938). — 2) E. C. WasHiiik, E. Katz, R. Dorre- 
Bteiri, Enzyinol., 10, 285 (1942). — 3) H. Oaffron, Bioch. Za. 276, 301;(1985). — 4) S. Wessler, C. S. French, 
Jl. of Cell, and Comp. Physiol. J8, 327 (1939). — 5) H. Nakamura, Acta phytoohimica 9, 189 (1937) 
(vide p. 213). — 6) R. Emerson, L. Green, Plant Physiol. 18, 157 (1988). — 7) C. B. van Niel, Arch. 
fUr Mikrobiol. 7, 323 (1933). — 8) C. S. French, Jl. of gen. Phys. 20, 711 (1937). — 9) R. Starkey, 
Jl. of gen Phys. 18, 325 (1935). 
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On some methodical problems in the study of photo- 
synthesis of unicellular organisms 
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With 9 figures. 

9th Communication on Photosynthesis *) 

(30.VII.41) 


§ 1. Introduction. 

In this paper we present experimental data concerning a few methodical questions. 
These data have been collected in the course of an extensive study on the relation between 
gas exchange and fluorescence in photosynthesis of purple bacteria, to be published 
shortly (^). Some of the problems to be dealt with, are connected with raanometric mea- 
surements of photosynthesis in suspensions of small organisms in general, and therefore 
we have endeavoured to add some theoretical and mathematical considerations. 

The gas exchange was measured with simple manometers, according to WAiiiiuuo; 
the objects were suspensions of Chromatiuniy strain D. The method of measurement of 
fluorescence will be described in our forthcoming paper (^), in which also a full account 
of methodical details will be given. 

The questions which will b(‘ discussc'd in the present paper are: 

1) The influence of the concentration of the bacterial suspension upon the charac- 
teristics of the relation between the rate of photosyn thesis and tla intensit y of incident 
light (§ 2). 

2) The influence of the same factor upon t he cliaracteri sties of th(^ ndation between 
the measured fluorescence intensity and the intensity of incidiuit light (§ 3). 

3) The influence of slight variations in size of the illuminated bottom areas in 
vessels used in an intensity range (§ 4). 

4) A comparison of photosynthesis at various light intensities m sodium light of 
direct and alternating current lamps (§ 5). 

§ 2. The influence of bacterial concentration on the relation between the rate of 
photosynthesis and the intensity of incident light. 

a. Experimental results and their discussion. 

In this section a few experiments are discussed regarding the influence of the conci'iitration 
of the suspension of unicellular organisms upon the shape of th(‘ curve, nqiresenting the rate of 
photosynthesis against the intensity of incident light. They wore carried out with Chromatium, 
strain D, but the principles hold just as well for Chhrella and other unicellular organisms. 

One of the fundamental requirements in studying respiration with the aid of the Wabburo- 
technique is the establishment of a range of bacterial concentrations in which the gas exchange 
measured is proportional to the amount of bact^Tia introduced into the vessels. 


*) 8th Comm.: Enzymol. 10, 257 (1942). 
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In experiments on photosynthesis, this requirement cannot be fulfilled at low light inten- 
sities, For, at a given low intensity of light photosynthesis is proportional to the light-absorption 
of the suspension, which absorption is not proportional to the number of bacteria present. At 
high light intensities when light saturation is effected, and thus a dark reaction limits the total 
velocity, proportionality to the number of bacteria may be found, provided this dark reaction 

is controlled by an enzyme activity, and not by a 
diffusion factor. This holds when all compounds 
supplied externally are present in excess, i.e. an 
increase of their external concentration does not 
cause an increase in the total reaction velocity. At 
low light intensities one may only expect an ap- 
proximate linearity with bacterial concentrations 
if these concentrations are very low, so that the 
light is not considerably weakened in passing 
through the suspension. As a rule, however, this 
condition will not be fulfilled under the conditions 
of the experiments, for in so dilute suspensions 
the readings will become too low to be accurate. 

Firstly we shall discuss an experiment with 
8 different bacterial concentrations, indicated as 
8, 1 and 1/8 respectively, corresponding to 80, 10 
and 8.8. TROMMSDORFP-units per ccm. The concen- 
tration 1 agrees with the one normally used in our 
experiments, the absorption of 2 ccm in a white 
coated conical vessel of the type used in our ex- 
periments (c/. e. g. (2), fig. 1) amounted to ca. 60 % 
in sodium light when the vessel was shaken. Under 
the same conditions the concentration 8 had an ab- 
sorption of ca 80%, the concentration 1/8 of ca. 80% . 

In fig. 1 the results are reproduced. The cur- 
ves, representing the rate of photosynthesis against 
the incident light intensity, have been obtained 
successively with samples of the same culture. A 
vessel with concentration 1 was run together with 
the two other series also, in order to che(‘k the 
activity of the bacteria. 

At low light intensities the curves show a 
part in which the rate of photosynthesis increases 
with increasing light intensity; this increase is 
more or less S-shaped, as was also observed by 
French 3) in the case of Athiorhodaceae. The 
meaning of the S-shape is not known; a discussion 
of some points of view in this connection, will be 
given elsewhere (i). At low light intensities the 
three curves run closely together; it is especially 
noteworthy that curve 8 partially runs below curve 
1. This may be considered to be connected with the 
S-shape, since curves that would start linearly from 
the origin, would be expected to have slopes differing according to the absorption factors of the 
suspensions. The quantum efficiency of the light in this intensity range gradually increases 
with increasing intensity. At a high bacterial concentration the rate of photosynthesis at a given 
incident intensity in this range may be found lower than at a lower concentration, owing to the 
fact that the effective mean intensity in a concentrated suspension is lower than in a diluted 



Pig. 1. Effect of bacterial concentration 
upon the rate of photosynthesis (COj 6 %, 
H, 80 %, ph 7.6, 29°). Exp. of 19.6.^40. 
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one at the same incident intensity. The condition causing a point in the curve 3 to be situated 
below that at the same incident intensity in curve 1 can be derived theoretically as follows. 

The rate of gas uptake for a given incident intensity line and a given concentration of bacteria 
o' is given by: 

V' (I. ) = r (I , c') X R (T) X c' 

in which observed at is the mean intensity in tJie susjiension and R the 

efficiency of the light at the intensity 1'. 

For the same incident intensity line and another higher concentration c." wo acxiordingly have: 

V' (I ) =T" (I , c'O X R (F') X C". 
exp inc' Inc ^ ' 

We have assumed that the function R is the same in both suspensions, which assumption is not 
essential, but only simplifying. 

The condition sought for, can now be expressed as follows: 

W (I. ) < V' (I ) 
exp ' me exp ^ inc 

or f ' c") X R (T") X c" < P o') X R (F) X o'. 


For higher concentrations both the effective mean intensity and the efficiency will be low('r. 
The meaning of the condition therefore is, that the decrease in rate due to th<^ (hHTeasod (dfectivti 
mean intensity and the decreased efficiency will not be compensated by the increase in rate due 
to the higher concentration. 

This condition can not be fulfilled when comparing dilute suspensions, since in that cMse 
the effective mean intensities and hence the efficiencies hardly differ whereas the concentraf ions 
may differ considerably. However, for sufficiently concentrated suspensions the condition may 
be fulfilled. In accordance hi^rewith in fig. 1 the curves related to concentrations 1/3 and 1 do 
not show the effect mentioned, whereas the curves of concentrations 1 and 3 do. 

After the S is „passed” the slope becomes almost proportional to the absorption factor 
(AB, CD, EF). The quantum efficiency to b<> d(‘rived from this slope therefore is almost th(j sanu^ 
for each of the three curves (c/. Table I, coluimi 8). Three other lines may be trac(Ki with alxuit 
the same characteristics, viz. OB', OD', OF' (cf, table I, column 4). 


TABLE 1. 


Quantum efficiencies Q of the suspensions of fig. 1 in 
molecules of COg per absorbed quantum. 


1 

2 

3 

4 

con- 

absorption in 
shaken, whited 
vessel 

Q derived from 

Q derived from the 

centration 

steepest slope 

tangent from 0 

1/3 

0.29 

1 : 10,2 

1 : 12.4 

1 

0.54 

1 : 10.4 

1 : 13.7 

3 

0.69 

i : 11.8 

1 ; 15.7 


The next point to be considered is the transition from the light-limiting range to the light 
saturation range. 

The light saturation range is reached at a higher incident intensity the more concentrated 
the suspensions are. 

The rate of photosythesis at light saturation in the curves 1/8 and 1 differs a factor 3.0, 
with the curve 3 the region of light saturation is not reached; the rate then may be expected 
to be again three times higher, viz., ca 2200 emm p. hour. 

The transition point intensity {cf. below) was 1.2 X 10^ ergs/cm® sec. for the curve 
1/3 and 2.2 X 10* ergs/emg sec. for the curve 1. For the curve 3 it may bo expected at 
ca. 5 X 10* ergs/cm* sec. assuming a value of 2200 emm/h. for the rate of photosynthesis 
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under li^t saturation. The increase of the incident intensity at which saturation is reached 
with increasing concentration follows directly from the decrease of the mean intensity in the 
suspension. Therefore the incident intensities at which deviations from the slopes AB, CD, EF 
occur will be determined by the mean intensities in the suspensions. 

The total light fall in a suspension is strongly dependent upon the concentration. If at a given 
wavelength the total absorption is e.g. 90 %, the light fall is roughly 1 : 0.1; if the absorption is 60 %, 
it is 1 ; 0.4, etc. , neglecting reflections from the white wall of the vessel. This leads to the conclusion 
that the transition range between light limitation and light saturation extends over a larger region 
of incident intensities, if the suspension is more concentrated. For, assuming that light saturation 
occurs in a single bacterium as soon as it receives the intensity J, it is obvious that theoretically the 
transition range extends between the incident intensities J and 10 J 
in the former, and between J and 2.6 J in the latter example given. 

Exact measurements of the mean intensities in a suspension 
are not easily to be made under experimental conditions. As in 
a previous study we have used the white sphere for measuring 
the absorption of the suspensions. An arrangement was applied, 
which allowed the measurement in both transparent and white 
coated vessels, whilst they were shaken. 

The white coating of the vessels has the advantage of 
making the light intensity in the suspension higher and more 

homogeneous; it has the draw- 
back of making the determina- 
tion of the mean intensities 
more complicated and introdu- 
cing an uncertainty into them. 

We have also tried black-coated 
vessels in comparison with white 
ones (c/. fig. 2), but as the con- 
siderable decrease of the mean 
intensity delayed the attainment 
of light saturation, black vessels 
wore not used further. 

Fig. 8 represents an experi- 
ment with bacterial concentra- 
tions 8 and 1 at various tempe- 
ratures, which means an exten- 
sion of the experiment, given infig. 1 . The general type of the influence of temperature on photo- 
synthesis in purple sulphur bacteria is the same as in organisms containing chlorophyll, viz., in the 
region of light limitation there is hardly any influence, whereas in the region of light saturation a 
marked influence is observed. This question will be discussed in greater detail elsewhere (I). 

The main series was madtj with concentration 1 , a few vessels with concentration 8 were run 
simultaneously. With concentration! the light-limiting range is fully reached at 11®, 17®, 23® and 
nearly also at 29®; on the contrary with concentration 8 the light saturation is not yet even fully 
reached at 11®, still less at 17®, whereas at 23® and 29® the light-limiting range is hardly surpassed. 

There is a remarkable simihirity between the sequence of the points at I = 0.9 X 10* ergs/cm* 
sec. for concentration 8 and that of the points at I = 0,4 x 10* ergs/cm* sec. for concentration 1. 
This intensity shift for physiologically corresponding points with the bacterial concentration agrees 
with what one would expect from the theoretical relations derived below. 

In this experiment no S-shape was observed ; it was as a rule not very pronotmced with thiosulphate 
at ph 6.8. Moreover, in the region of low intensities too few points have been determined to obtain 
certainty regarding the shape of the curve. 

b. Theoretical considerations. 

In earlier discussions regarding the theory of limiting factors the transition between the 
ranges of influence of two limiting factors was often considered to be an absolutely sharp one. 
However, already long ago it has heen recognized that also in Blackman’s concept two factors 



Fig. 2. Effect of while and 
black coating of inanorneter 
vessels upon the rate of phoio- 
syn thesis ((Xlg 5 %, thiosul- 
phate J %, ph 0.8, 29°). Exp. 
of 2.8.’8S. 



(ioncentration upon the rate 
of photosynthesis at various 
temperatures (COg 5%, thio- 
sulphate 1 %, ph 0.8). Exp. 
of 11. 2. ’88. 
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can influence a process simultaneously (c/. Romell ^), van den Honbrt ®)). The range in which 
two factors become simultaneously experimentally detectable may be called transition range. 
Evidently the establishment of its observable beginning and end depends on the accuracy of the 
method used. The point of intersection between the extrapolated part of the curve, related 
to limitation by a factor and that related to saturation for the same factor will be called: 
jjtransition point.** This definition agrees materially with the one given by van den Honebt 
who defines the transition point as the point at which two factors exert an equal influence. 

Van den Honert calls attention to the fact that in plots of the rate of photosynthesis 
against the intensity of incident light, obtained from experiments with cell suspensions, an 
elongation of the transition range arises due to the fact that the cells partially shade each other. 
However, in dilute suspensions this will not be of great importance, but the mentioned elon- 
gation is nevertheless observed, since it is related to the light fall in the suspension as such, as 
will be demonstrated below. 


The mean intensity I in the suspension will be proportional to the incident intensity Imc# 
and we may put I = yc line* in which yc depends only on the concentration and on the absorption 
of the suspension, in a way to be expounded below. 


The rigourous computation of the factor y in a shaken white vessel can be carried out as follows: 
We will put: ^ 

ji == the absorption coefficient per cell for the wavelengths of the incident light, 
c = the concentration of the suspension expressed in the number of cells per unit of volume, 
Q — the volume of the suspension, 

A = the area of the bottom of the vessel used, 

h = ~ = the average height of the suspension in this vessel, 

A 

a = the absorption factor of the suspension, shaken in a white coated vessel, 
b = the absorption fac^tor of a non-shaken suspension in a transparent vessel, 

I (w) = the light intensity in a volume element dw. 

Then the following relations will hold: 


- 3 / 


I (w) dw 


to be integrated over all volume elements dw of the suspension, and: 


to be integrated over all volume elements dw of the suspension, thus: 


and 




^ch 


: y^ = a'o" : a"c' 


( 1 ) 

( 2 ) 


which is a very convenient formula for practical application since it contains only quantities which 
can easily be determined experimentally. 

In (1) the quantity can be experimentally obtained from measurements of the absorption 
of non-shaken dilute suspensions in transparent vessels. For sufficiently low concentrations the de- 
crease of light will be approximately exponential and we have: 

b(c) =1 — e — ^®h or /xh = — i In ^ 1 — b (c) | (8) 

The right hand side of equation (8) has to be extrapolated for c— >• 0 to obtain ^h correctly. In prac- 
tice the concentration 1/3 mentioned above, appeared to be already sufficiently dilute to apply equation 
(3). The validity of an exponential relation for the absorption means that the influence of scattering 
upon the absorption is negligible. It does not mean, of course, that the influence of the absorption 
as such upon the gas exchange curves of these suspensions is also negligible (c/. fig. 5), because the light 
fall in the suspension, be it exponential or not, influences I. 

In plots of the rate of photosynthesis against the incident intensity, the transition range as 
measured (the experimental transition range) is due to 3 different effects, viz,, 1) introduced by 
purely experimental complications, e.g,, the light fall in the suspensions (methodically imposed 
transition range), 2) caused by differences between the capacity of the dark system responsible 
for light saturation in various cells of a suspension and also by variations in individual quantum 
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efficiencies (statistic transition range), 8) caused by the fact that in each cell a transition range 
may exist (internal transition range). 

The ultimate problem to be solved in this connection is the establishment of the relation 
between the rate of photosynthesis and the intensity of incident light in a single cell. However, 
with the methods nowadays at our disposal we are not able to attack this problem, and we 
must restrict ourselves to the establishment of certain properties of the average cellular assi- 
milation curve. 

We define the assimilation rate of the average cell as the assimilation rate per cell in an 
infinitely dilute suspension. The curve Vav(J)» the „mean cellular’* curve, representing the 
assimilation rate of the average cell, Vavi as a function of the intensity J it receives, may be 
extrapolated from measurements in very dilute suspensions. The transition range of this curve 
represents the combination of the internal and the statistic transition range. Judging from the 
shape of the curve for rather dilute suspensions (c/. curve 1/3, fig. 1) we may well expect that the 
mean cellular curve will show a rather pronounced BLAOKMAN-type. 

In concentrated suspensions the imposed transition range has to be taken into consideration. 
A methodically imposed transition range is connected with the light gradient in the suspension 
and we will discuss in how far the changes in intensity each cell undergoes due to the fact that 
the suspensions are shaken, are of importance for the occurrence of an imposed elongation of 
the transition range in the curve of the average cell. 

Firstly we consider the case that the changes in intensity occur rapi^y. Then each cell, 
hence also the average cell, will assimilate according to the mean intensity I in the suspension, 
and the curve Vexp(Iinc)> determined for the assimilation rate per cell in an experimental suspen- 
sion, will be identical with the curve Vav(J= I)* 

Vav(J= 5= Vexp(Iinc) (4) 

So every experimentally determined relation between the rate of gas exchange and the 
incident intensity will have the same shape as the mean cellular assimilation curve, and will 
differ only by a factor in the intensity scale. Therefore, with rapid shaking the decrease of 
light intensity in the suspension does not impose an elongation of the transition range. In this 
case also intensities above the saturation intensity for continuous illumination may be used 
efficiently; an analogy is obtained to the conditions prevailing in the wellknown experiments of 
Emerson and Arnold^). 

Two suspensions of different concentration and absorption will yield curves differing by a 
factor Yc'Iyc* ba the intensity scale, which is expressed by the formulae: 

^cxp(Ilnc)c* ~ ^exp(Iinc)c' (6) 

with the condition that: 

Ic' = Ic'' or line • line = YoT * Yc* • • • • (5a) 

Secondly we consider the case that the changes in 
intensity each cell undergoes occur slowly. Then each cell 
will assimilate at every moment according to the inten- 
sity it receives and the average result will be an average 
assimilation. In this case the assimilation curve of the 
average cell Vav(J) as defined above, is related to the 
experimentally determined one Vexp(Iinc)» in a more com- 
plicated way than in the case of rapid changes. In general 
the average assimilation thus observed will not be equal 
to the assimilation at average intensity; the decrease of 
light intensity in the Suspension imposes an elongation 
of the transition range. This may be seen at once from the following elementary consideration. 

We assume to have a suspension of cells each of which would yield the same sharply bent 
monocellular V(J) curve and we divide the suspension into an upper and a lower half, each with 



Fig. 4. Scheme representing the 
elongation of the transition range as 
imposed by a gradient of light in- 
tensity in the suspension. 
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a homogeneous intensity, but with different intensities in each half, corresponding to the light 
fall in a real case. Then the assimilation curve observed will bo the mean of the assimilation 
curves of the two halves and, as may bo seen in fig. 4, will show a transition range. 

The relation between Vav(J) and Vexp(Iinc) cannot be computed rigorously for the general 
case of a shaken white coated vessel. A case which can be treated rigorously, namely with ex- 
ponential light decrease in a layer of suspension of constant height, would be a too crude appro- 
ximation of our experimental conditions, neither does it fit our data. We have therefore treated 
the general case in second approximation. 


Using symbols with the same meaning as above, we have: 

Vexp (line) = ^/vav (J = I (w)) dw. 

Calling I — I — A I we develop Vav in a power series of A and integrate. This yields: 

V n-^-V ;7' , — /'dVav\ , (Al?/'«i»Vav\ , (a 1? /'«i»Vav\ , 

Vexp (line) Vav W + A I ^ jj jj + jj, ^ jj + g, ^ + • • (•>) 

Since 1= 0 and (A If will bo rather small, breaking off after the second order term will 
yield a quite good approximation. For a suspension of given concentration and absorption all intensi- 
ties are proportional to I, so: 

( 7 ) 

It is clear that depends only on the concentration and the absorplion of tlie suspension. 
So we have: 

Vexp (line) = Vav (1) + («) 

From this formula, which expresses experimental quantities in terms of theoretical ones, the 
formulae (9) — (10) may be derived to within the same degree of accuracy for small values of a. 
Formula (9) derives a theoretical curve Vav (J) from the experimental one Vexp (line): 

Vav (J = i) = Vexp (line)- (9) 

\ ^ hnc /line 

Formulae (10) and (10a) give the ridation of two experimental curves belonging to concentrations 
c' and c": 

v;xp(4c)c«=v;^(i:j,,-iC^-^'j^^^^^ .... (10) 

with the condition, that: 

— ~ > • a^'c' 

~ ^inc * ^inc ~ a/c^ ~ (10a) 


The formulae (9), (10), (10a) for slow changes differ from the analogous expressions for fast chan- 
ges (4), (5), (6a) only by a correction term of second order, whose influence, however, cannot be ne- 
glected for practical purposes. This term has the tendency to smoothen all curved parts for suspensions 
with high concentrations, so with high values of (A 1)^. 

For larger values of a one has to take into account higher derivatives of V with coefficients of a, 
but one may still neglect those derivatives with (A 1)® etc. 

The formulae thus derived are more complicated than the preceding ones, and, therefore, will be 
omitted here. 

The rigorous computation of the factor (formula (7)) in a shaken white coated vessel is not 
possible, but this is not necessary, because it is contained only in the correction term of the formulae 
derived. So inaccuracies m a® cause only third order deviations for V, which have been neglected 
throughout. Therefore, wo will evaluate a* for the case of a suspension of homogeneous thickness 
and exponential decrease of intensity with depth. 


In that case, calling /xch == u (c/. formula (8)), and — p — — <p, we compute: 

hne 

<p (u) == (u sinh u — 2 cosh u + 2), 


18 * 
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which yields after series development; 

(p(u) = 


12 


(1 + 


-4- ill 4- 
15 ^ 560 ^ 


( 11 ) 


We have now the relation between (A I)* and for the simplified conditions mentioned. In 
our experiments the function (p (u) has the tendency to increase owing to ths shaking of the vessel, 
and to decrease owing to the reflection from the white walls of the vessel, so in practice it will be 
quite well approximated by (11). From (1), (7) and (11) we may derive: 


a* 


(AI)^ _ 

12 a* 


<p (u) = 


u^e"^ 


u® 

('+15 + 


( 12 ) 


yielding a® as a function of a and of u = /xch. 

Whether a change in intensity has to be considered to be slow or fast depends upon its relation 
to the longest reaction time in the chain of the processes which together constitute photosynthesis. 


In this connection we refer to the time of ca. 0.02 sec. determined by Emerson and Arnold 
as the time required in Chlorella at 25° to remove a maximal quantity of „photoproducF’. 

In our experiments the vessels were shaken with a velocity of ca. 3 times per second. We may 
assume that a cell undergoes during one revolution of the vessel not more than a few times the change 
between the incident and the emerging intensity. Thus, in general the time in which a cell moves 
from above to below or reverse will be not less than 0.1 sec. Only the time interval between two 
exposures to high intensity is of importance; this interval will be not less than 0.2 sec., and therefore 
the changes in intensity a cell imdergoes may well be considered to be slow in relation to the charac- 
teristic times of the assimilation process. 

Various data in literature and our observations on initial changes in fluorescence in Chlorella and 
also in purple sulphur bacteria (1) point to the existence of characteristic times of much longer duration 
than those considered above. It is obvious that the times involved in the intensity changes which the 
individual cells undergo owing to the shaking of the vessels, are short in comparison with these ones. 

The essential conclusions from the present discussion are: 

1) It is possible to derive the relation between the assimilation rate of the average cell and 
the light intensity it receives from the experimentally determined relation between the rate of 
photosynthesis and the incident intensity by a transformation which takes account of the light 
gradient in the suspension. This transfonnation tends to shorten the transition range between the 
regions of light limitation and of light saturation. 

2) If one wishes to discuss theoretically the shape of the transition range, the curves ex- 
perimentally obtained should be subjected to the procedure expounded above. 


We will now apply the relations derived to the results of the experiments, presented in 
section a. 

The experimental and theoretical data related to the experiment of fig. 1 are collected in 
Table II and represented in figs 5. and 5a. The absorptions a and b of the suspensions were deter- 


TABLE II. 

Data concerning the suspensions of fig. 1. 


1 

2 

8 

4 

6 

6 

7 

8 

concen- 

tration 

(relative 

units) 

c 

absorption of the 
suspension 

— ln(l— b) 

c 

•) 

fich ~~ 

« -L 

line 

u = /ich 

<p («) 

a* = 
(Al)* 

=s*“rsr-” 

P 

in a shaken 
white 
coated 
vessel 

a 

in a 

non-shaken, 

non-whited 

vessel 

b 

1/3 


0.26 

0.93 

0.94 

0.32 

0.0062 

0.006 

1 


0.68 

0.88 

0.67 

0.95 

0.031 

0.096 

8 

0.69 

0.78 

0.61 

0.24 

2.85 

0.067 

1 

1.09 


*) From the figures of column 4 a value ioTfxh = 0.95 can be extrapolated, which value has been 
used in the further columns of this table. 
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Incident intensity in ergsyfcnn^sec 

Fig. 5. Rate of gas exchange per cell, 
Vexp (line) as a function of the intensity 
of incident light with various bacterial 
concentrations. Experimental data from 
fig. 1. 


O dtrlvecl from lun* < -ir'!3 



Fig. 5a. Rate of gas exchange of the 
a,verage cell, Vav(J)as a function of the 
light intensity it receives, computed 
from the data of fig. 5; 

— ; computed with formula 

(9) (slow shaking assumed), 

— : computed with formula 

(4) (fast shaking assumed). 


mined with the aid of 
the white sphere. The 
curves of fig. 5a forVav 
(J) have been derived 
from the assimilation- 
intensity curves for 
every concentration ac- 
cording to formula (9) 
and also according to 
formula (4). Especially 
for concentration 3 the 
agreement with the lat- 
ter formula is less satis- 
factory. Wo have also 
checked formula (10) and 
found that the agree- 
ment is very satisfao 
tory. The agreement 
with formula (5) is miicli 
less satisfactory, which 
is in accordance with the 
assumption that the 
changes in intensity due 
to the shaking ar(' rela- 
tively slow for each cell. 

The formulae have 
hf^eu checked also using 
the data of fig 3. in fig. 0 
we have derived mirves 
for 1, he con centration ..3” 
from the* curves of < oncen- 
tratioii ,,1” witl‘ formula 
(5) and with fonnula (lO)*^) 
The computed curves fit 
the experimental points 
of concentration ,,3*’ sa- 
tisfactorily if fonnula (10) 
is applied , but much less if 
formula (5) is used. Here 
also this is duo to the fact 



O I 2.10'^ 

Incident intensity in ergs/cnn^-it c 


Fig. (). Rate of gas exchange 
])er cell, Vexp (Tine) as a func- 
tion of the intensity of inci- 
dent light at various tempera- 
tures and with two bacterial 
e.onoen trations . Fxperimt'nt al 
data indicated, taken from 
fig 3. 'L’heoreti(;al curves for 
coiic<‘ntration 3 computed 
from the experimental tairves 
for foneoni ration 1 with for- 
mula (10). ( , slow 

shaking assum(*d), and with 

formula (5) ( . fast 

shaking assumed), showing 
that the former curve fits best 
the experimental data for 
cone. 3. 


that the rate of intensity 

changes each cell undergoes is slow in relation to the cha- 
racteristic times cif the process of pliolosynthosis. 


The average cellular curves of photosynthesis 
against light intensity calculated from our experimental 
data still show a transition range of some extension 
(fig. 5a). As has already been iiointeil out two elements 
may be responsible for this transition range. In the first 
place it is conceivable that it has only a statistic cha- 
racter. If the separate cells have sharply bent curves, 
but individual variations in the transition point intensity 


♦) We have employed the same absorption data as 
for fig. 5 (c/. Table II), because absorption measurements 
had not be€*n performed on these suspensions. 
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1^'ig. 7. Schwiie representing the 
elongation of llie transition rai'ge due 
to statistic variations in the transi- 
tion point mteneity. 


exist (which may be due to different jjBi^ackman** — as 
well as to different „photic’ '-capacities) a statistic tran- 
sition range results for the average cell as is shown in 
fig. 7. Besides this, however, it is just as well conceivable 
that also each cell possesses a transition range of its own. 
This will be the case, if differences in the capacities of 
the two „limiting factors” exist for different parts of the 
system within one cell. As was mentioned already we are 
at present not capable of distinguishing between these 
two possibilities. Therefore in the equations Vexp(Iinc) 
appears expressed in Vav(J) only and not in V (J) of each 
cell separately. 


§ 3. The inllaence of bacterial concentration on the relation between fluorescence 

and the intensity of incident light. 


Just as the curves for gas exchange against incident intensity, also the analogous curves 
for fluorescence must be expected to be influenced by the concentration of the bacterial suspen- 
sion. However, the total effect is different. Firstly, for very thick suspensions — absorption 
factor near to 1 — the fluorescence-irradiation curve will scarcely be affected by further in- 
crease of concentration, since, for any incident intensity the fluorescence measured will be al- 
most independent of concentration. The gas exchange on the contrary will continue to increase 
considerably with increasing concentration, provided the incident intensity is sufficiently high. 
The rate of gas exchange will even become proportional to the bacterial concentration as long as 
the incident intensity is so high that each cell assimilates at its BLACKMAN-rate. 

Moreover, a second difference between the behaviour of gas exchange and of fluorescence 
exists. Whereas in the case of gas exchange the decrease of the light intensity in the suspension 
is the only complicating factor, the amount of fluorescence measured is also affected by the ab- 
sorption of the fluorescence light in the suspension. It will be seen from the following considera- 
tions, that the influence of the bacterial concentration upon the fluorescence-irradiation curves 
is appreciably smaller than that upon the corresponding curves for gas-exchange. 

In our experiments fluorescence was measured after the shaking of the suspension had been 
stopped (c/. (1)). Accordingly the changes in intensity of the light which each cell undergoes, will 
be slow in relation to the characteristic velocities of the processes which determine fluorescence. 
For this reason the intensity of the fluorescence light emitted by each cell will correspond to 
the intensity of the light it receives at any moment {cf, § 2). 

In measurements of gas exchange all parts of a suspension contribute to the total gas 
exchange at rates corresponding to the local light intensities, provided the shaking is slow in 
relation to the reaction velocities involved {cf. § 2). In fluorescence measurements, applying bot- 
tom-illumination, the lower layers of the suspension contribute excessively to the fluorescence 
light, emerging through the bottom of the vessel, since the fraction contributed by the upper 
layers is already small owing to the decrease of the irradiation intensity in the suspension and 
is again decreased owing to the absorption of the fluorescence light. 

In fluorescence-irradiation curves of our bacteria, tnz., Chromatiuvi, strain D, two more or 
less linear parts can be distinguished, connected by a transition range, and allowing to deter- 
mine a transition point (for further details cf. § 2 and especially (i)). On determining the fluore- 
scence of suspensions of the mentioned bacteria in relation to the incident intensity (temp. 
29®, ph 6.8, with thiosulphate and COj present in excess) at different bacterial concentrations 
(1/3, 1, 3,.c/. Table II) we obtained curves which — within the limits of experimental error — 
coincided after introducing a suitable factor in the direction of the vertical (fluorescence) axis. 
This means a marked contrast to the situation for the gas exchange curve in which the transition 
point intensity shifts considerably towards higher intensities with increasing concentration (fig. 
1), and never reaches a limit. 
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The influence of self-absozption on the shape of the fluorescence-irradiation curve can in principle 
be computed from the absorption and fluorescence spectra of the bacteria. Since, however, the latter 
spectrum is not yet known sufficiently accurately under the conditions of our experiments, we cannot 
follow this way. However an approximate estimation of the influence of self absorption may be 
obtained by comparing the absorption factor and the intensity of fluorescence for a given incident 
intensity, at different concentrations. 

The energy absorbed per sec. is given by; 

line A a (c), 

in which A is the bottom area of the vessel, and a the absorption factor as a fxmetion of the bacterial 
concentration c. Therefore, if Imc is low enough to guarantee proportionality between fluorescence 
and incident intensity for each cell, the amount of fluorescence that would be observed in the absence 
of self absorption, can be represented by: 

7] line A a (c), 

in which 7 ^ is a coefficient containing the yield of fluorescence, but being independent of Imc and of c. 
The amount of fluorescence, actually observed, is then given by 

Fexp = g (c) 7^ Imc A a (c) (IB). 

in which g (c) is the factor, accounting for the influence of self absorption; the upper limit of g is 
unity for concentration zero. 

We determined the function g (c) by measuring Fexp and a for various bacterial concentrations; 
since rf, line and A were kept constant, the relative course of g (c) is obtained by dividing Fexp by a. 
Taking into account that g (0) — 1, g now can be computed for each value of c. For high concentra- 
tions both a and Fexp and therefore also g approach a limit; we found the limit for g to be about 0.6. 

Theoretically the influence of self-absorption can be computed under the simplified assumption 
of an exponential decrease both for the incident light and for fluorescence light as it passes through 
the suspension. Introducing and as the respective absorption coefficients, the final value for 

ti 

g at high concentrations is given by^^j^ — ^ . Thus withg ( 00 ) = 0.5, and the fluorescence 

light appears to be about as strongly absorbed as the incident light. 

Assuming exponential decrease of light intensity, fluorescence-irradiation curves for any 
bacterial concentration can be computed from a theoretical curve for one cell. The latter curve has 
been supposed to consist of two linear parts, intersecting at the transition point intensity, without a 
transition range. Putting /Xg = Uj, the curves thus computed for concentrations varying from 1/3 
to 00 , show indeed only insignificant shifts of the transition point intensity. These shifts amounted 
to about 10%, whereas also variations in the relative shape of the curves were not very apparent. 
Thus the result obtained theoretically under the mentioned simplifying assumptions, essentially 

X ees with the situation actually found in the experiments, which indicates that indeed the self- 
orption of fluorescence light is the chief cause for the at first sight remarkable independence of 
the fluorescence- transition-point intensity from the bacterial concentration. 

When comparing curves for gas exchange and for fluorescence in suspensions that are not 
very dilute, the dissimilar influence of concentration must be taken into account. This obtains 
already for concentration 1, normally used in our experiments as a suitable concentration for 
the measurement of gas exchange. The absorption is still far from unity, nevertheless, owing to 
the influence of self-absorption, fluorescence was already near to its maximum. Therefore, this 
concentration, being as such not very high, must be denoted as high with respect to the 
measurement of fluorescence. Only for the lowest concentration, so far used in our experiments, 
viz,, 1/8, the absorption of fluorescence light is sufficiently low to make corrections unnecessary- 

We have developed formulae that are suited to convert experimental fluoresceiuje-irradiation 
curves Fexp(Iinc) into the curve for the avarage cell Fav{'J). Along the same lines as was exposed for 
gas exchange in § 2, the transformation is attained with the aid of correction t(.*rms containing diffe- 
rential quotients, in this case of Fexp to Imc. The formulae, however, will not be presented here for 
the following reasons; 

1. Since the self -absorption of the fluorescence light leads to extra terms, the correction is 
more complicated than in the case of gas exchange, which renders the approximation loss certain. 

2. The concave shape of the fluorescence-irradiation curves causes that the corrections required 
by the formulae act in opposite directions, rendering the total change very small. This is in good 
agreement with the experimental results, but it makes an experimental check of the formulae practi- 
cally impossible. 

It can however be noticed that for concentration 1/B all correction terms are small, just as in 
the case of gas exchange. For concentration 1 the corrections as such are not negligible but the total 
change in the shape of the curve is small (c/. above). For concentration B the correction terms in the 
formulae become too large to allow the use of the formulae at all. 
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§ 4. The effect of slight variations in bottom area of the vessels upon the rate of 

photosynthesis. 

In this section we will discuss the influence of shght variations in bottom area of manometer 
vessels, used in the same serial experiment on photosynthesis, in an equipment with the general 
characteristics of ours. 

We used e tube-shaped sodium lamp of ca. 60 cm length, the light of which entered horizontally 
into the thermostate, it was reflected upwards by a mirror placed in the thermostate at an angle of 
45®, and entered the vessels through the bottoms. No lenses were present in the system. The light was 
measured with a standardized thermopile, the sensitive surface of which was placed as exactly as 
possible at the place of the bottom of each vessel successively. 

A given volume of bacterial suspension, illuminated with the same incident light intensity 
in various vessels in general will not show exactly the same rate of photosynthesis as far as light 
enters as a limiting factor in the process. This is due to variations in bottom area of the various 
vessels. The vessel with the largest area will have a smaller light fall, and thus a higher mean in- 
tensity, and will therefore give rise to a higher total rate of photosynthesis. 

Theoretically the best way of working would be to fill each vessel to the same height, so 
with an amount of suspension proportional to its area, and to divide then the observed gas 
exchange by the bottom area. Then each vessel would have the same light fall, and the values 
thus obtained would agree among each other. However such a procedure is unusual and also 
inconvenient, so that normallly each vessel will be filled with the same amount of suspension, 
hence to a somewhat different height. 

Therefore, we will compute the relation between gas exchange and bottom area in order to 
be able to correct for the variations in bottom area. 

_ The same notation as in § 2 will be used; the absorption factors a and b and the average intensity 
I now are considered as functions of the bottom area A, whereas the incident intensity line and the 
volume Q of the suspension are thought to be fixed. 

Formula (8) for the assimilation per cell shows that the influence of the bottom area upon Vexp 
may be described as a change of I only, whereas changes in a have no influence, if we only go to the 
first order of approximation. Furthermore, in this section we will approximate a (A) by 

jioQ 

b(A) = 1 — e ^ iCf. formula (3). Then, according to (1): 


<“> 

From (14) and (3) we obtain for the mean intensity in a vessel with a bottom area A -f- ^A: 

7(A + AA) = T(A) 1 + ^ |l + In (1-b) I J (15) 

For b — >-0 (very dilute suspensions) formula (15) becomes: 

I(A + AA) = T(A) [ 1 + M T(A) (15a) 

For b— >*1 (very concentrated suspensions) formula (15) becomes: 


l(A-f AA)= 1(A) 


Formula (16b) expresses, that the intensity should be corrected for the full difference in bottom area 
with concentrated suspensions. In other words, results of measurements of gas exchange with light 

intensity as a variable should be plotted against line 

Formula (16a) shows that for very dilute suspensions such measurements should be plotted 
against line without any correction for inequalities of bottom areas. 

The general formula (16) yields the amount of correction for intermediate concentrations, which 
as a rule are used in our experiments. The rate of gas exchange measured at a given incident intensity 
in a vessel with bottom area A -f> AA would also be obtained in a vessel with bottom area A at an 

i A A ( ^ , 1— — b .v ) 1 .. ■. 


incident intensity which is 




I times as high. In this way measure- 
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ments, made in vessels with slightly different bottom areas can be made comparable. In Table III 
numerical values of the factor 8 = j 1 + ^ 0 — b) | as a function of b are given. 

TABLE III. 


Values of 8 for various values of h (see text). 


b 

0 

0,1 


0,3 

0,4 

0,5 




0,9 

0,95 

1,0 

8 

0 


0,11 

0,17 

0,23 




0,60 

0,75 




Corrections in this sense have been applied to the assimilation data i)resente(l in this paper, and 
in with our vessels they amounted to 4% at most. 

An analogous question presents itself in coimection with the determination of the absorj)tion 
of the suspension in the white sphere. The vessel used for the measurement will again have a bottom 
area somewhat different at least from part of the manometer vessels used in the experiments. Lot 
the bottom area of an assimilation vessel be A and the bottom area of the vessel for absorption 
measurements be A + A A, then the measured absorption b(A A A) a-i^d tin? actual absorption 
b(A) will be related by; 

b (A + AA) --= b (A) + AA -t- 

dA 


= b (A) 


1 + ..4A jiid? in(]— b) 

A b 


( 16 ) 


-b (A) 


1 + 


The same relation will hold m first approximation for the absorption measured during 
shaking, a(A). 

For a determination of the quantum efficiency Q we have to divide the gas exchange V by the 
absorbed energy expressed in quanta: 

O - VI-- . 

line ’ A • a(A) line • A • a (A -|- /\A) 

This formula shows that a correction analogous to the one required for relative rate- 
measurements against incident intensity has to be applied, which also was done in the experiments 
presented here. 

In our experiments the Warburo vessels had an average bottom ar(^ of 600 mm^ whereas the 
vessel in which the absorption was measured, had an area of 750 mm^, so that for the normal concen- 
tration, absorbing about 60%, a correction of the absorption of -f- 5% of its value had to be applied. 



§ 5. Photosynthesis in light of direct and alternating current sodium lamps, 
a. Experimental. 

In a previous paper C^) we have already reported some observations in which photosynthesis 
upon a.c, sodium light (50 cycles/sec.) was compared with the yield upon d.c. sodium light. 
The d.c. sodium lamp at that time at our disposal could provide only rather low intensities. 
The result obtained was that no difference was apparent between the rate of photosynthesis in 
both types of sodium light. Furtheron only a.c. light was used, because heref or lamps with much 
higher output of light were obtainable. However, we still felt somewhat anxious regarding a 
possible influence of the alternation, especially in the intensity range between light limitation 
and light saturation. We therefore were very glad to be able to make comparisons also between 
both types of sodium light in the whole range of intensities used. This was possible with the aid 
of a strong d.c. sodium lamp of ca. 90 cm. length, kindly manufactured for us by the Physical 
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Laboratory of Philips N.V., Eindhoven. We have made comparisons with hydrogen as donor 
at ph 6.8, both with bacteria submitted to a starvation procedure (c/. (1)) and with bacteria 
directly from the culture medium. Each time two cultures were prepared in the same way. 

- . The bacteria from one of them were used for the 

o.M.rnatins currant measuTement of photosynthesis in a.o. light, those 

A direct current ^ othoi oue for the measurement in d.c. 

light. The results of an experiment with starved 
^ 200 . ^ bacteria are reproduced in fig. 8. These curves may 

I y be considered to be exactly the same. The points 

? obtained with the d.c. lamp scatter somewhat more, 

o j probably due to a less constant energy output of 

^ V the tube during the experiment. In an experiment 

0 f with non-starved bacteria the saturation value ap- 

1 r poared somewhat higher with d.c. light, the 8-shape 

D olZ±-i— i_±-L > . L . \ intensities and the slope at medium inten- 

O I 2 3.10 t 

ineidtnt intensity m «Q*/crff»«c sities, howovcr, wcro oxactly the same. From these 
Fig. 8. Effect of direct and alternating experiments it may well be concluded that there 
current sodium light upon the rate of ig special influence detectable from the alter- 

*^equS of totemit^nly im “““ 

cycles p. sec. Exp. of 28.11. ’39. usually with various samples of bactena 

treated in the same way in other respects. 
Emerson and Lewis 8) foimd the yield of C^rcila-photosynthesis at low light intensities to 
be the same with a sodium lamp operated on alternating or on direct current . 


Fig. 8. 
current 


Incident intensity m crgs/err^tc 

Effect of direct and alternating 


current sodium light upon the rate of 
photosynthesis (CO, 6 %, H, 15%, ph 
6.3, 29°). Frequence of intermitiency 100 
cycles p. sec. Exp. of 28. 11. ’39. 


b. Theoretical. 

Wo may ask for the conditions which cause the action of intermittent illumination not to 
be distinguishable from that of continuous irradiation with the same average intensity. 

Two extreme cases are easily discussible, namely a) very low frequency of intermittency 
and b) very high frequency of intermittency. 

In the first case, if the frequency of intermittency is low, so if the successive light and dark 
periods are sufficiently long, their effect will simply be the sum of the effects of the light periods 
and will be independent of the frequency. 

In the second case, if the frequency of intermittency is sufficiently high, the total effect 
will equal that obtained by continuous irradiation with the same average intensity. This con- 
clusion is evident when we take into consideration the fact that absorption itself is a discrete, 
i.e., intermittent effect. With respect to the absorbing pigment system a certain continuous 
intensity is equivalent with a certain probability distribution for the lengths of the intervals 
between successive acts of absorption in one unit of action. It can be proved by simple calcula- 
tions that if the period of intermittency is short compared with the average interval between 
successive acts of absorption in one system or unit, this system will not be able to distinguish 
between continuous and intermittent irradiation, in other words the probability distribution 
of the time intervals between two impinging quanta upon the system is equal for both cases. 

Calling the rate of gas exchange at any moment as a function of the incident intensity V(Iinc), 
we have ♦) for low frequencies; 

T 

Vexp = V(I(t))dt = ^ (18) 

in which T is the time for one cycle of intermittency whereas for high frequencies we have: 

Vexp = V(I) (19) 

As far as V is proportional to I, i.e., when V = c I, there does not exist any intermittency effect, 
independent of the way in which I varies with t. 

♦) In the formulae presented in this section the index „inc” has further been omitted, as all 
intensities referred to are incident intensities. 
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According to (18) we then have: 

T 

V(5 = -1 I fl(t) dt - of = V® 
0 


( 20 ) 


The rate of gas exchange then is equal for low and for higli frequency of interinitteiicy and hen<5e 
in the intermediate range of frequencies also the same rate will bo observed. 

Approximately, the same will hold, if during almost the whole cycle I varies within e range of 
intensities for which V is a linear function of 1, or within a rang(i for which V is independent of 1. 
For, substituting V = Cjl -f Cg in (IH) yields. 


T 

* y / 
0 


T 


T 



V(l) 


( 21 ) 


Thus, an intennittency effect is practically excluded in the region of light liiiiitatioii *) and 
in the Blackman region, at least as far as in the latter region V is since long practically indepen- 
dent of I **). Consequently, a possible effect of intermittency is restricted to the transition range 
and the first part of the saturation range. 


+ 


There indeed the gas exchange at low frequency V(I) and the? one at high frequency V (I) will 

in general differ and we mav expect that V(l) < V(l) since V(I) = V (1) -f- J (^1)2 1 

, /d*V\ f 1 

and(_)<0. 

At a constant average intensity in the transition 
range the extreme parts of a plot of V against the 
frequency of intermittency, viz.^ the constant values 
of V at very low and at very high frequencies can be 
drawn schematically, according to the discussion 
presented above. The region of medium frequencies 
is uncertain, but will have to follow some transitory 
curve from the low to the high value of V (fig. 9), 

The effect of intermittency enters the for- 
mulae only as a second order effect, which, however, 
may assume non negligible values. For the sodium 
vapour lamp operated at an alternating tension of 
50 cycles/sec, we have computed this effect from 
the known light-intensity- time relation in such lamps. 

The maximum difference that can be expected in this case between the rates of photosynthesis 
in continuous and in intermittent light amounts to IB %. 

Since a difference of this magnitude certainly would have been observed, the conclusion that 
no effect of the intermittency of the light was present in our experiments, appears to be justified. 

It also ensues that the transitory frequency range lies below 100 cycles per sec. 


I of 4otormiH#rtcy 


Fig. 9. Scheme represeniiug the effect 
of the frequency of intermittency upon 
rlie rate of photosyntheBiB in comparison 
with the rati^ under continuouH illumi- 
nation with the same average intensity. 


Summary. 

In this paper the influence of some methodical factors, active in experiments on 
photosynthesis with suspensions of unicellular organisms, has been discussed. In the 
present study suspensions of Chromatium, strain D, were used. 


♦) Large deviations occur if intermittency of light is produced e.g. by a sector wheel, or in 
general if I ~ 0 during an appreciable part of a cycle. In the case of a Hodiuni lamp, however, I is 
zero only for one moment and the approximation given above is allowed. 

**) In order to avoid misunderstanding we emphasize that V is expressed as rate per unit of 
time during the whole experiment, and not per unit of time during the peric^d of illumination only, 
as in the well-known experiments on intermittent light of Warburg and of Emerson and Arnold. 
Thus, in our case, the rate in continuous light is the highest one observable tluroughout. 
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In § 2 the influence of the concentration of the bacterial Buspeneion upon the relation 
between the rate of gas exchange and the intensity of the incident light has been dealt 
with. It is discussed in how far the increase of the light gradient in the suspension with 
increasing concentration smoothens the experimental curves of gas exchange against 
incident intensity. General formulae are developed for the magnitude of this effect in 
shaken, white-coated conical vessels. Checks showed that the calculated corrections 
were in good agreement with experiments. 

In § 8 the effect of the bacterial concentration in fluorescence measurements has 
been discussed, and the influence of self-absorption of the fluorescence light has been 
considered. 

In §4 slight variations in bottom area of manometer vessels, used in the same series, 
which influence the measured rate of photosynthesis at the same incident intensity, have 
been dealt with. The way in which their influence has to he corrected, is discussed. The 
magnitude of these corrections depends upon the bacterial concentration. 

In § 5 the rate of photosjmthesis upon light from direct and alternating current 
sodium lamps has been compared and discussed. For 100 cycles of light per sec. (50 
tension cycles per sec.) no difference in photosynthesis was observed. It is shown theoreti- 
cally that an intermittency effect may only be expected for intensities above the range 
of light limitation and at frequencies below a certain value. The computed magnitude 
of the effect to be expected under the conditions of our experiments is such, that it 
certainly would have been detected if it had been present, so that the transitory 
frequency value lies below 100 cycles per sec. 

1) K. C. Wassink, E. Katz, R. Dorrestein, Enzyniol. 10, 285 (1942). — 2) E. C. Wassink, 
E. Katz, ibid. 6, 145 (1939). — 8) C. S. Eronoh, Jl. of gen. Physiol. 20, 711 (1937). —4) L. G. Romell, 
Jahrb. wiss. Bot. 65, 739 (1926). — 6) T. H. van den Honert, Rec. trav. bot. N6erl. 27, 149 (1930). — 
6) R. Emerson, W. Arnold, Jl. of gen. Physiol. 16, 191 (1933). — 7) J. 6. Eyniers, B. C. Wassink, 
Enzymol. 2, 258 (1938). — 8) R. Emerson, C. M. Lewis, Amer. Joum. of Bot. 26, 808 (1939). 
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Chapter I. 

Introduction. 


§ 1. General remarks. 

In our studies on the relation of photosynthesis and chlorophyll fluorescence in suspensions 
of Chhrella, we have at first restricted ourselves to measurements in the stationary state of 
illumination and photosyntlumis ^). We intend to extend this work in several directions. On 
the one hand our programme includes a study of the mentioned relation in the induction phase 
after the start of an illumination. WV have already presented data regarding the fluorescence 
in this phase (3), but correlative data regarding the gas exchange were not yet obtained. On 
the other hand it was desirable to extend the observations to organisms with different photo- 
synthetic systems. As we already had some experience with purple sulphur bacteria (4), it was 
indicated tot give attention to this group firstly. Also other arguimmts spoke in favour hereof. 
In the first place there is a growing tendency to accept fhe mechanism of photosynthesis in 
green plant cells and that in i^urple bacteria to be closely related, namely in so far as both are 
often assumed to start with the splitting of HOH in some way. In the second place, there is the 
outstanding fact of the indispeiisability of so called hydrogen donors in photosynthesis of purple 
bacteria, ordinary green cells having no need for such substances. In later years many investiga- 
tors have, contrary to the original ideas, advanced especially by Kluyvbk and van Kiel, put 
forward evidence which they consider to be in favour of the view that these substances play only 
a very secondary r61e. From data in literature and from the general preliminary concept of 
photosynthesis developed elsewhere (2), moreover vaguely inspired by certain data concerning 
the absorption spectra of purple bacteria (5), we felt inclined to ascribe again a more direct 
importance to the substances in question, and in this connection we have suggested that they 
might play an essential r61e in the „photic” part of the process (5). Also for this reason a study 
of the relation between fluorescence of bacterio-chlorophyll and photosynthesis in purple bacteria 
seemed promising. 

On surveying the literature on purple bacteria it can bo remarked that the knowledge con- 
cerning their metabolism is rather extensive in some directions and rather scanty in others. 
Considerable evidence exists, especially due to the work of van Niel 7, 8)^ of Gaffron 
1®), and of Muller H), concerning the chemistry of various reactions involved. On the con- 
trary no much stress has been laid so far upon the study of the kinetics of the metabolic reactions. 
This may for the greater part be due to the fact that in applying a technique, fit for velocity 
measurements, so especially a manometric technique, serious errors may result, unless the gas 


♦) The authors wish to thank Miss L. van Lummel for experimental assistance. 
*♦) 9th Comm.: Enzymol. 10, 269 (1942). 
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exchanges due to chemical conversions occurring in the medium are rigorously controlled. This 
may be the reason that few quantitative data exist concerning the response of the velocity of 
photosynthesis to changes in light intensity and in temperature and to addition of inhibiting 
substances. 

Therefore the data concerning the influence of various factors on the gas exchange as 
presented in this paper, may have a certain interest as such, and hence they have been treated 
in greater detail than was deemed necessary in the case of Chlorella (i). But as a correlative study 
of gas exchange and fluorescence proved to lead to a much more profound unterstanding of the 
characteristics of the process of photosynthesis in the bacteria, we have discussed the measure- 
ments on gas exchange together with those on fluorescence. 

In order to facilitate the survey, we will briefly expound the questions to be discussed in 
this paper. 

Since we feel that the significance of fluorescence studies in photosynthesis has been subject 
to some misunderstanding in recent literature (12), we thought it useful to give a somewhat 
detailed outline of what we consider to be the importance of a correlative study of the rate of 
photosynthesis and of the intensity of fluorescence (§ 2). It may be remarked that the chief points 
had already been indicated in our papers on Chlorella, 

In Chapter II the experimental methods of the measurements of gas exchange and fluorescence 
are described. The same strain of bacteria, viz., Chromatium, strain D, also used in the earlier investi- 
gation (4), was used throughout this study. 

We start the discussion of the experimental data with a description of the general character of 
the relation between the incident intensity and the rate of photosynthesis, and of the general character 
of the relation between the incident intensity and the intensity of fluorescence (Chapter III). 

In Chapter IV we discuss the influence of the following agents: quality and quantity of hydrogen 
donors, temperature, and ph, on gas exchange and fluorescence. The influence of these various agents 
proved to bring about effects of the same type. 

An effect different with respect to fluorescence is exerted by variations of the COg-tension, and 
by various inhibitors as cyanide, hydroxyl amine, azide and urethane (Chapter V). 

Additionally we present some preliminary observations on the fluorescence of pigment-protein 
extracts, and on initial changes of fluorescence after the start of illumination, and some other more or 
less incidental observations (Chapter VI). 

Finally a general discussion is given (Chapter VII). 

The concept of photosynthesis as put forward in our papers on Chlorella could readily be 
extended in such a way as to fit the experimental results described in this paper. Also the mathe- 
matical description given earlier (2) could be extended to cover the mechanism of photosynthesis 
obtaining in purple sulphur bacteria. These latter considerations will be presented in a separate 
paper (12). 

§ 2. On the measurement of fluorescence of the photoactive pigments in the living cells 
as a tool in the study of photosynthesis. 

In view of a better understanding of the significance of fluorescence phenomena in purple 
sulphur bacteria we endeavour to elucidate in detail what conclusions can be drawn from fluores- 
cence observations and upon what principles these conclusions are founded. 

Hereto we will consider successively the changes which light energy undergoes after it has 
entered a living cell and before it is ultimately involved in the process of photosynthesis. 

1. Absorption of light. 

According to Einstein absorption is considered to be a quantic process, which means that the 
light energy is absorbedby multiples of a unit quantum E, the latter depending only on the frequency 
V of the light by the relation E = hi/, h being Planck’s constant. Moreover, the quantic nature of 
light absorption and emission was brought into connection with transitions in atoms or molecules 
between stationary states, the energies of which differ by discrete or quantic amounts (Bohr), It is 
generally accepted nowadays, that this description is adequate for all absorption and emission 
phenomena. 

In our case a quantum of lig|ht will be absorbed by a chlorophyll-molecule and will cause one 
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of its electrons to jump from its normal or ground state to some excited state, i.e, a state of higher 
energy, the increase in energy amounting to E = hv. It follows that absorption of light of 
different frequencies will give rise to different excited states of the chlorophyll-molecules. 

The question which one of the many electrons of chlorophyll is excited has been discussed during 
the last years in several ways. Though it is not of essential importance for our discussion, we may 
mention that the inner ring skeleton with conjugated double bonds of the chlorophyll rnolecult^ is 
considered as chromophoric and that an electron, moving in tliis ring, is more easily excitable Ilian 
other electrons of the molecule, thus being excitable by visible light. 

2. Annihilation of excitation. 

When an electron in chlorophyll has been excited, we may ask for the further fate of the 
excitation energy. 

Following P. Pbingsheim a.o. three possibilities are to be considered. 1) The excited 
electron may fall back spontaneously to a lower state whith the emission of a fluorescence 
quantum. 2) The electron may fall back to a lower state during an interaction (collision) with 
another molecule, giving off energy of excitation as kinetic energy to its collision partner. 
8) The electron may fall back to a lower state during an interaction with another molecule, 
giving off energy of excitation as potential energy to its collision partner, which thus becomes 
excited. If this potential energy is not equal to the loss in excitation energy of the chlorophyll 
molecule, the difference is made up for by giving off kinetic energy to the colliding particles or 
by accepting kinetic energy from them. 

These processes will ultimately make the molecule, excited by the absorption of light, 
return to the ground state, eventually in a number of steps, when several of the mentioned 
processes take place successively. 

The number of processes per unit of time involved in each of these ways of annihilation of 
excitation energy, and hence also their sum, is directly proportional to the number of excited 
molecules present *). Which one of the processes will prevail in a given case depends on their 
relative probabilities. 

The probability for the first process may be considered as a constant of the exijited molecule, this 
probability being insensitive to external factors. The probability for the 8e<?ond process is larger, the 
smaller the energy is, that is given to the partner in the collision. Hence this process will take place 
especially if the electron can fall down a series of narrowly spaced energy levels. The probability of the 
third process is the larger, the more the excitation energy actuals the potential energy that the accep- 
ting molecule is able to receive, or the smaller the kinetic energy is. thal, is produi^ed or annihilated 
during the collision (energy resonance). The sum of these three probabilities detennines the actual 
value of the concentration of excited molecules stationarily present at a given intensity of incident light. 

In the case of chlorophyll in living cells only a small fraction of tho absorbed quanta of the 
order of 0,1% is reemitted as fluorescence light, a large fraction is used for COg-assimilation and 
the remainder is transformed into heat (kinetic energy). 

As was already remarked, the probability of emitting fluorijscence is determined by the 
properties of the chlorophyll molecule as such, whereas tho probabilities for the two other pro- 
cesses are determined by the properties of the chlorophyll on tho one hand and by those of the 
energy accepting system on the other hand, and are thus susc.eptible to variations in quality 
and concentration of the latter. 

Anyhow the intensity of fluorescence, that is the number of quanta emitted per unit of 
time, remains under all conditions a direct measure for the number of excited chlorophyll mole- 
cules present, this intensity being always ^qual to that number multiplied by the probability 
factor for fluorescence. Therefore it provides also a direct measure for the total amount of energy 
transferred from the exited chlorophyll along tho two other ways to other systems. The relation 
is markedly simplified by the fact that only a negligible fraction of tho energy is dissipated as 
fluorescence, so that the latter may be considered as inversely proportional to the amount of 
energy dissipated along the two other ways. 

Concerning the second way of annihilation of excitation the following remarks may be made. 

*) The case that two excited molecules should react mutually, is not considered here. 
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Under conditions of light limitation the yields of both photosynthesis (^) and of fluorescence (1®) 
upon incident light of different wavelengths are determined solely by the number of quanta 
absorbed by the chlorophyll. This probably means that high excitation is brought down to low 
one by the way of annihalation under discussion, which is obviously made possible by a con- 
tinuous distribution of energy levels between the higher states of excitation and the lowest one. 
It also means that the lowest excitation is practically not annihilated by such a process, which 
is in accordance with the high quantum efficiency, realizable in photosynthesis. 

Concerning the third way of annihilation of excitation we may remark, that it becomes 
probable from the preceding considerations that the transfer of energy to molecules which 
accept the energy as potential energy and use this energy for chemical reactions takes place 
only from the lowest excitation level, as has already been remarked by Warburg 

We will now deal in some more detail with the possible experimental relations between 
chlorophyll fluorescence and intensity of incident light. 

In the first place we will consider the case that the intensity of fluorescence is proportional 
to the intensity of irradiation over the whole range of intensities studied. This means that the 
stationary concentration of the excited chlorophyll too is proportional to the intensity of irra- 
diation. Then the rate of annihilation of the excited state of the chlorophyll is also proportional 
to the icident intensity only, and therefore the sum of the annihilation probabilities is constant. 
This again implies that the energy transfer from the excited molecule is not limited by the trans- 
fer action as such. This requires that the acceptors are present in abundance, or in other words 
that acceptor molecules that have reacted are replaced by new ones in a time that is very short 
iu relation to the intervals between successive transfer actions. Assuming that different accep- 
tors are present at the transfer System, these together determine the slope of the straight 
fluorescence-irradiation curve. In general this slope can be changed only by varying the energy 
acceptors, thus by replacing the acceptors present partly by other ones with different transfer 
probabilities. The slope of the fluorescence-irradiation curve will be decreased when the transfer 
probability is higher than that of the normal acceptor and will be increased when it is lower. 

On the contrary influences acting upon the utilization of energy once transferred, are under 
the conditions described unable to influence fluorescence. This state of affairs was observed in 
Chlorella, in which the decrease in efficiency of photosynthesis, observed at high light intensities 
due to the limited capacity of the dark reactions, does not manifest itself in fluorescence, so that 
the relation between fluorescence and incident intensity remains linear. This indicates the 
presence of an acceptor in abundance, which moreover has led to the conclusion that the uptake 
of CO 2 is not stoechiometrically related to the concentration of excited chlorophyll, present at 
each moment. 

Certain substances e,g. oxygen and urethane influence the slope of the fluorescence-irra- 
diation curve in Chlorella, According to the outline given, these substances must be considered 
to compete with the normal acceptors at the transfer system and thus influence the stationary 
concentration of chlorophyll present, by influencing the total transfer probability. 

In our study of the initial changes of the fluorescence of chlorophyll in Chlorella we conclu- 
ded to changes of oxidation and reduction processes in the neighbourhood of the chlorophyll on 
the basis of analogous considerations. 

We will now consider the case that the fluorescence is not proportional to the incident 
intensity over the whole range of intensities studied. Then the ratio between fluorescence and 
incident intensity is dependent upon the value of this intensity. Only the case that the slope of 
the curve of fluorescence versus incident intensity increases with increasing intensity will be 
considered here. 

In accordance with the foregoing considerations we may conclude that also here the sta- 
tionary concentration of excited chlorophyll increases with increasing intensity. As the transfer 
to a given acceptor system is determined by the transfer probabilities to the various compounds 
constituting the total acceptor system present, we may conclude that the relative amounts of 
various compounds of the acceptor systems change from low to high incident intensities. Visuali- 
zing the mechanism which can be responsible for this change it is plausible to assume that mole- 
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cules of the chief compound of the acceptor system, having accepted energy, cannot quickly 
enough be replaced by new ones in order to remove all energy, present in the excited chlorophyll 
at high incident intensities. In other words for high intensities the chief acceptor, and hence the 
whole accepting system, may no longer be considered to be present in abundance. The limitation 
of the rate of replacing „used” acceptor molecules by fresh ones can in principle have two causes: 

1) A system yielding compounds ready to accept energy has a limited capacity, thus pre- 
venting the transfer system to bo supplied quickly enough with fresh acceptor molecules. 

2) A system using molecules that have accepted energy, has a limited capacity, thus 
preventing used molecules to be quickly enough removed from the energy transfer system. 
An example of the second type we have met already in Ckhrella-ceWs, photosynthesis of which 
was totally inhibited by cyanide. We will see in the following chapters, that the 
photosynthesisof purplesulphurbacteriaoffers examples of both types. 

It is evident that besides this the slope of the fluorescence-irradiation curve may be directly 
influenced by agents which are introduced into the energy accepting system in the same way as 
described above for linear fluorescence-irradiation curves. A curious but very well explicable 
phenomenon then arises when an acceptor is introduced that competes with the acceptors 
present and has a lower transfer probability, but is present in a high concentration. This e.g, is 
the case when photosynthesis of Chroniatvum is inhibited by azide or by urethane (§§ 17, 18). 
Then at low intensities the curve of fluorescence against intensity runs above the normal one, 
at high intensities below it. At low intensities the transfer system can remain saturated with 
the normal acceptor, and so we observe the decrease of the transfer, which implies an increase 
of fluorescence by the introduction of a „ worse” acceptor. At high intensities the transfer 
system can not be sufficiently supplied with normal acceptor, so normally the transfer is severely 
inhibited and may be considerably increased, leading to a decrease of fluorescence, by the intro- 
duction of a large amount of an acceptor, although per molecule this acceptor is worse than the 
normal one. 

Summarizing the above considerations the following insight into the significance of fluores- 
cence is obtained. As it is a measure for the concentration of excited chlorophyll, it provides a 
means to observe all influences exerted on this concentration. Though fluorescence represents 
only 0.1% of the total energy dissipation, the argumentation given above may have shown that 
nevertheless it furnishes an excellent index to study to what degree the acceptation of the 
remaining 99.9% of energy is influenced by agents acting on the process of photosynthesis. The 
concentration of excited chlorophyll is influenced by changes in the energy transfer from the 
chlorophyll to the energy accepting system. We can distinguish here direct and indirect influ- 
ences: direct when the agent, causing the change, itself accepts energy; indirect when it causes 
changes in other parts of the process which influence the energy accepting system. 

It has been pointed out that when fluorescence and irradiation are proportional, only direct 
influences can occur, whereas, if a proportional relation does not exist both types of influences 
upon the energy transfer system are possible. 

Chapter n. 

Methods. 

§ 3. Culture method of the bacteria and experimental procedure for the determination of 
gas exchange. 

The cultures of strain D, used in the experiments, were grown in the malate-thiosulphate 
medium No. 23 (^). They were incubated in the light cabinet at about 30°. 

Bottles of 300 ccni were as a rule inoculated with 10 — 25 cciri of a vigorous culture and could be 
used the next day, the TiiOMMSnoRFF-value then being about 7 — 10 per 5 com of culture medium. 
An especially good development was obtained when an amount (10 — 25 ccm) of a culture in optimal 
development was centrifuged, and the collected bacteria, thus freed from the old nutrient medium, 
were used to inoculate the new bottle. This procedure did not offer full guarantee against contamina- 
tion. However, since the amount of inoculum was large and the incubation time only ca 16 hours, 
development of other organisms was never observed. In most cases even a culture of 125 ccm yielded 

Enzymologia. Vol. X, 4-6. 
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fluffioient bacteria for an experiment with 7 — 9 vessela. Such a culture was obtained by inoculation 
with the centrifuged bacteria of 5 — 7^4 com of a full-grown culture. This inoculation material was al- 
ways taken from a small bottle (60 ccm), inoculated and grown under completely aseptic conditions. 

The gas exchange was measured with the aid of single WAiiBUBG-manometers, using conical 
vessels without central tube, with 2 sidebulbs (of the type reproduced in (3) fig. 1). The bacteria wcire 
treated in the way described in ( 4 ), i.e., they were suspended m distilled water and the suspension was 
brought into equilibrium with the gas phase to be used in the experiment. Generally the gas phase was 
Ng -f- 6% COg; in experiments in wliich a gaseous hydrogen donor was used, a gas phase containing 
tms donor was applied. In the case of hydrogen as a donor we had at our disposal gas mixtures of 
Ng -h 6% COg 4* 16% Hg and Ng 4 6% COg 4 30% Hg ready for use in steel flasks. The gas stream 
was freed from oxygen by passing it through a reduction oven with electrically heated copper gauze. 
With the aid of a 3-way tap the gas could be led alternatively either through the bacterial suspension 
or through the set of manometers provided with the vessels to be used in the experiments. The sus- 
pension liquid to be used was introduced into the vessels while the gas stream was passing through. 
Each vessel received as a rule 0.8 ccm 1/6 mol. Na-K-phosphate buner, 0.2 ccm 6% NaCl, 0.25 ccm 
water or solution of a hydrogen donor {e.g. thio sulphate) and 0.75 ccm of the bacterial suspension in 
distilled water. 

The final concentration of the bacterial suspension in the vessel was mostly adjusted to 10 
TROMMSDORPF-units per ccm („concentration V\ cf. (^)). A few experiments were performed 
with a concentration of 30 TROMMSDORFP-units per ccm („concentration 3*’), being the concen- 
tration used formerly ( 4 ), whilst in some other experiments the concentration 1/3, equivalent 
with about 3.3 TROMMSDOBPP-units per ccm was used. 

The influence of the va^riation of the ph of the phosphate buffer was subjected to a special 
investigation (§ 10). Most experiments communicated in the other sections were performed 
either at ph 6.3 or at ph 7.6. The variations were obtained by mixing different amounts of 
KH2PO4 and Na 2 HP 04 after Sorensen checking the ph with brome thymol blue. 

After the vessels had been filled, the gas stream was allowed to j)ass on for another period of 16 
minutes through the manometers with vessels affixed. The gas entered through the tap at the top of 
the closed leg of the manometer and left through the side bulbs, the stoppers of which had been set in 
loosely, held oj)©!! a little by a bent piece of thin copper wire. Hereupon the stoppers were closed, the 
manometers shut, placed into the thermostate which was kepi usually at 29® C., shaken, and allowed 
to reach temperature equilibrium. The vessels were illuminated in the same way as described before ( 4 ) 
from below with an a.c. sodium lamp. The light was filtered through 1 cm of a 6% solution of copper 
sulphate to remove red and infrared radiation. The incident intensity at the place of each vessel was 
measured with an absolutely standardized thermopile. The sidewalls of the vessels were thickly coated 
with white paint. By means of NG-glasses of Schott & Gen., Jena, fixed to the bottoms of the vessels, 
os a rule 6 different light intensities were applied simultaneously in one experiment. 

In order to reduce the duration of an experiment as much as possible, which was especially 
important to maintain constant activity during inhibition- or temperature-experiments, readings 
were taken every 5 minutes. Notwithstanding only small quantities of bacteria were in- 
troduced into each vessel, this proved to be quite feasible. The „vessel-constants” of all vessels 
used, were about 2 (emm/mm). 

In this way successive experiments at 3 to 4 different temperatures, or successive experi- 
ments without and with inhibiting substances, could be performed with the same cell suspension. 
As, moreover, 5 to 7 light intensities could be applied in each experiment, a great regularity of 
the results was ensured. The effect of inhibition obtained in successive experiments was corro- 
borated by checking the inhibition in a single experiment using a smaller number of light in- 
tensities. In all experiments discussed below, the data were obtained with the same cell material, 
unless stated otherwise. 

The experience gathered concerning differences in the infrared absorption spectrum of 
cultures of strain D (5) made it necessary to examine the absorption spectrum of the cultures. 
The type with two well distinguishable maxima in the infrared was found almost without ex- 
ception {cf, § 21). 

The total absorption of the bacteria in a vessel illuminated with sodium light was deter- 
mined with the white sphere (I®). With the aid of the necessary blanks and controls it was found 
in most cases to be 60 — 65% of the incident light. 

The values of ph indicated in the text and in the figures are those of the phosphate-mixtures 
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prepared; in the experiments these values may undergo more or less complicated changes for 
various reasons. 

First a decrease occurs due to the attainment of equilibrium wifh the gas mixture rontaimug 
5% COj. This decrease amounts to less than 0.1 ph at ph 0.:$; to about 0.3 ph at ph 7.0. Tliis shift m 
ph is connected with the chemical binding of an amount of carbon dioxide by the suspension medium. 
During photosynthesis the amount of bound CO 2 will decrease due to the decrease of tluj COg tension in 
the gas phase of the manometer, and hence the ph will in(;rease again. In principle the decrease in 
bound carbon dioxide has to be taken into acc.ount in the calculation of Ihe gas exchange from the 
manornetric reading. It has been derived theoretically ihat this correction is small at ph (>.3, how'(iV('r, 
not quite so at ph 7.6. In the present investigation the changes in carbon dioxyde cont ent in the sus- 
pension medium as a rule have not been determined, since mostly successive experiments had to be 
performed with the same cell material. Therefore these corrections have been omitled. 

Another reason for changes in carbon dioxide in the suspension medium obtains m experiments 
with thiosidphate as a hydrogen donor. Here, namely, an uptake of carbon dioxide in the suspension 
medium takes place due to the presence of sodium ions which remain from the thiosulphate consumed 
and whic.h ions are for the greater part, but not fully, taken up by the phosphate buffer. This media - 
nism has been studied previously (4) in detail at ph 6.2, and the reduction factor was established 
which has to be applied in order to compute the gas exchange from the manornetric reading. The 
magnitude of this correction was fomid to be about 3% for an amount of photosynthesis of 50 emm CO 2 , 
10% for 100 emm, 15% for 150 cmni, 20% for 250 cmm. For the same reasons as mentioned above also 
these corrections were not established in the present investigation. Since generally the duration of 
an experiment was restricted as much as possible, the measured uptake of carbon dioxide as a rule 
did not exceed 150 cmm at the highest light intensity. For higher ph- values the latter correction m 
general is larger; it counterbalances and even suipasses the change in carbon dioxide, mentioned abov(> . 
A systematic study of the changes in carbon dioxide content of the suspension medium under i liosc^ 
conditions was not yet carried out. 

It may be remarked here that in the presence of thiosulphate also the gas excliarige m the dark is 
increased at high ph. 

Until these questions have been studied especially, any correclion of the manoiiietnc readings 
remains arbitrary, an additional reason to leave them out in this paper. It can, however, bo stated that 
we have (iomputed theoretically the order of magnitude of these corrections and that their magnitude 
is in no case such as to change qualitatively any result obtariied in the present study. 

With hydrogen or with hydrogen sulphide as a donor the manornetric reading represents a 
combined uptake of carbon dioxide and of the donor gas. As was established in special experi- 
ments (I®) the uptake of carbon dioxide may be deemed to amount to 1/B of the total reading. 

The dark metabolism was determined in a separate vessel, wrapped in black cloth, shaken 
together with the other ones, in order to avoid an extra extension of the duration of the ex- 
periments by long dark periods at the beginning and at the end of each experiment. As is known 
(*) the manometrically moasnrod dark metabolism is greatly reduced by the use of phosphate 
buffers instead of bicarbonate buffers, probably because this metabolism partly consists of the 
production of acid. Tlio gas exchange established in the <lark was appli(‘d as a corr<K*tion to the 
values obtain('d for gas exchange in the light. 

§ 4. Experimental procedure for the measurement of fluorescence. 

The fIuorescenc<^ was measured with an equipment which was mainly the same as describ(id 
in previous papers. A scheme of this equipment in its present state has been repres(‘nted 
in fig. 1. One Warbuug -vessel with suspension could be irradiated with light of a narrow 
spectral band at about 5900 A. The fluorescence light was measured with a caesium photo-electric 
cell connected with an alternating current amplifier. For a discussion of most experimental 
details we refer to (3), § 2, § 4. The following points however ans different or new and an^ 
therefore briefly discussed. 

a. Coordination of gas exchange and fluorescence measurements. 
In order to assure the highest attainable coordination of gas exchange and fluorescence measure- 
ments, a device was constructed that allowed to use the manometers with whito-coatod 
vessels, applied in the gas exchange experiments, also for the measurement of fluorescence. 
As will be discussed in sections c and d, this procedure had become possible owing to th<^ 
use of other filters. 
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Furthermore a shaking apparatus, holding one manometer was built for the fluores- 
cence measurements. It was possible to transfer a manometer from the gas exchange to 
the fluorescence measuring apparatus, or vice versa, within 20 seconds. 

These modifications 
have offered the following 
advantages: 

1 . Gas exchange and 
fluorescence could be 
measured with the same 
cell suspension at prac- 
tically the same time. 

2. In many cases it 
was not necessary to illu- 
minate the vessels in the 
fluorescence equipment 
during a long time before 
readings could be made, 
because the pre-exposure 
had already taken place 
during the gas exchange 
measurements, and the 
stationary state attained 
there was hardly distur- 
bed by the quick trans- 
port. 



Fig. 1. Scheme of the apparatus for the measurements of fluorescence. 
S: tungsten filament lamp 500 Watt; Lj: condenser lens; Fj: set of 
filters (see text); D; disk with neutral glasses (NG); Lgi lense focussing 
Li on Warburg- vessel V, placed in thermostate T; M: mirror placed 
under 45°; Lg: condenser lens, focussing V on photo-electric cell PH, 
connected with amplifier; Fj*. filter RG 10, 3 mm; SM: synchronic 
motor with disk intercepting the light 50 times per sec. 


b. Reduction fac- 
tors for fluorescence. 
As a consequence of the 
improved method described 
it became necessary to 

compare fluorescence measurements in different vessels. In order to eliminate the influences of dif- 
ferences in shape and constitution of the various vessels, we determined a relative reduction factor 
for the fluorescence. Therefore we measured quickly, one after the other, at a given irujident intensity, 
the fluorescence in all vessels each filled with the same amoimt of suspension. The vessels had been 
pre-exposed simultaneously in the thermostate for gas exchange measurement at about equal inten- 
sities till a stationary state was attained (cf. below). 

The fluorescence intensities measured in this way in various vessels yield the reduction factors 
for fluorescence, accepting the fluorescence intensity in an arbitrary vessel as unity. The extreme 
values of the reduction factors thus found, differed 14%. 

One might remark that it is not entirely justified to correct the fluorescence measured by a 
reduction factor as defined above, independent of the shape of the curve representing fluorescence 
against incident intensity. In fact, some of the causes of the differences of reduction factors affect the 
incident beam, and should therefore be corrected upon the incident intensity axis, whereas others 
affect the emerging beam of fluorescence light and should be corrected upon the fluorescence 
intensity axis. We have, for the sake of simplicity, thrown all corrections upon the latter axis, since 
we have reasons to believe that the main part of them results from causes of the second kind, and that 
the error introduced by our procedure is negligible. 


c. Light sourceand filters. As in the case of Chhrella, it proved to be impossible to 
use a sodium lamp for the incident illumination in fluorescence measurements, notwithstanding 
the fact that the fluorescence spectrum of purple bacteria is situated considerably more towards 
the infra-red, and thus in principle a better separation of the wave length regions of incident and 
emitted light would appear conceivable. 

It is, of course, possible to illuminate the suspension by Na-light of sufficient intensity just as 
well as in the gas excha^e experiments. However, the necessity to measure the small quantity of 
fluorescence light emerging through the bottom of the vessel free from any straylight, does not 
enable to place the sodium lamp mrectly before the thermostate, as was made in the measurements 
of gas exchange. On the contrary, the light must be focussed on the vessel by a set of lenses. Further- 
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more, since this light contains a fraction of infra-red radiation relatively large as compared with the 
amount of fluorescence light to be measured, it is necessary to remove this infra-red radiation of the 
incident beam by filtering much more completely than in the case of gas exchange measurements. 

In combination with the relatively small surface brightness of the sodium lamp the mentioned 
requirements did not allow to obtain an illumination of the vessel with a sufficient intensity. 

As the best compromise between spectral purity and sufficient intensity we used a d.c. 
tungsten filament lamp in combination with a set of filters isolating the desired spectral region. 
This set consisted of: a) a layer of 1 cm water; b) 6 mm of the glass BG 17 (Schott & Gen.); c) 2 
mm of the glass OG 1 (Schott & Gen.) and d) 1 cm of a 20% solution of copper sul- 
phate. The spectral distribution of the light thus isolated was determined; it extended from ca 
5400 to ca 6000 A. 

The photo-electric cell with which the intensity of fluorescence light was measured, was 
shielded from straylight by a filter RG 10 (Schott & Gen.) of 8 mm thickness, transmitting none 
of the wave lengths present in the illuminating beam and on the other hand absorbing practically 
no fluorescence light, (c/. the fluorescence spectrum given in (i®)). 

In a few experiments we omitted filter c) in order to obtain a higher incident intensity. 

d. Incomplete complementarity of filters; false light. Wlien we placed an empty 
vessel into the fluorescence measuring apparatus, our galvanometer indicated an intensity of about 
6% of the normal fluorescence of a vessel filled with a suspension of bacteria. This light is mainly due 
to scattering and to some spurious fluorescence of the white coating of the vessel. 

When we placed a plate, coated with magnesium oxide at the same place, an intensity of about 
9% of the normal fluorescence was recorded. In connection with the small degree of back scattering 
and an absorption of 60% of a suspension of bacteria, these data suggest that the systematic error 
introduced into our measurements, due to false fluorescence light, and due to the incomplete comple- 
mentarity of our filters, amounts to less than 2%. 

e. Sodium light equivalent of the intensities of incident light. Since 
the spectral composition of the light used was not the same in the experiments on gas 
exchange and on fluorescence we were obliged to apply a reduction factor f when comparing 
intensities in the two cases, as expounded in (3), p. 149. If the intensity I^ of light of any 
spectral composition gives rise to the same number of absorbed quanta by the bacterio-chloro- 
phyll as an intensity of Ig = fli of the D-lines of Na, w<^ say that has a sodium light 
equivalent of Ig. As it was our special purpose to compart, gas exchange and fluorescence as 
closely as possible it was of great importance to know the factor f accurately. 

The reduction factor f for the incident light can be determined in two ways (l.c.), of which only one 
could be used suct^essfully in the case of purple bacteria. 

In the first method of determination of f mentioned in our previous paper (3) we made use of 
the spectral intensity distribution of the incident light and the absorption spectrum of the cells. 
However, since in the case of purple bacteria, contrary to t hat of Chlorella, carotene at>sorption is no 
longer negligible in the spectral region considered, the value obtained for f in this way turns out too 
large; it amounted to 0.83. 

The second method of determination adheres more closely to the definition of f and consists in a 
comparison between the fluorescence upon low incident intensities of the D-lines of Na, and that upon 
our filtered light. Contrary to what holds for fluorescence ineasuromenls as such, the sodium light can 
be used for this purpose, because a weak intensity suffices and t herefore heavy filtering with (topper 
sulphate allows to obtain sufficient spectral jiurity and removal of th(' infra-red from th(' incident 
radiation. 

The measmements yielded values of f which were indt'pendent of the coii(H*ntration of the 
bacterial suspension within the experimental error (about 5%) for concentrations up to the one used in 
our experiments, showing that, the self-absorption of fluorescen(;e light has no influence m tins respect. 

With this method we obtained f = 0.66 which may be considered to be the corrc^ct value. 

In the case of Chlorella both methods yielded the same value; this is comprehensiblt*, sinco there 
the absorption of the carotenes hardly plays a rdle in the wavelength region concerned. 

In a few cases higher intensities, obtained by omitting the filter GO 1 in the incident beam, were 
used. As the spectral composition is then changed, a different factor f holds for iliis light. To connect 
intensities in such cases we have not measured f for the light without OG 1, but we measured the in- 
tensity at which the same fluorescence was obtained as was found at a given intensity with OG 1. It 
appecured that the intensities without OG 1 expressed in sodium equivalents were 3.50 times as high 
as with OG 1. 
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f. Remark on the spectral composition of fluorescence light. The intensity of 
fluorescence may only be considered as a measure for the number of excited chlorophyll molecules 
when the shape of the fluorescence spectrum is constant in all cases studied (see § 2). We checked the 
constancy of this spectrum qualitatively by comparing the intensity of fluorescence as measured 
through a filter R(t 10 with that measured through RG 10 -f RG 7. In the first case all wave lengths 
above ca 7800 A were transmitted and in the second case this limit was shifted to 9500 A which is 
about in the middle of the fluorescence spectrum. 

The ratio of both measurements was somewhat dependent on the concentration of the suspension 
which is due to the self-absorption of the fluorescence light, and it was also slightly dependent on 
temperature, but for all other parameters it was constant, indicating that the shape of the fluorescence 
spc'ctruin was constant in practically all of our experiments. 

Also when irradiation without the OG 1 filter in the incident beam was applied, thus admitting 
much blue light to the vessel, the ratio of both measurements was hardly changed. This fact suggests, 
moreover, that the carotenes do not emit an appreciable fluorescence in the spectral region transmit- 
ted by RG 10. 

In principle f will vary when using bacteria with different absorption spectra, as may occur in the 
infra-red region (5). However, we have no evidence that changes in absorption occur also in the wave- 
length region in whicli the bacteria were irradiated. Moreover, api)reciable differences in infra-red ab- 
sorption were not recorded in the cultures used in the present investigation (§ 21). 

g. Intensities applied. Different intensities were obtained by placing suitable com- 
binations of NG-glasses (Schott & Gen.) into the incident beam. The transmission of the filters 
used, together with their Na-equivalent intensities, expressed in ergs/cm* sec are given in 
table I. 

TABLt: 1 

Inoid(‘Ut intensities used in fluorescence measurements. 


Transmission of grey filters in % 

8,0 

13.5 

18.4 

26.0 

34.1 




Sodium equivalent intensity in ergs/cm^ 
sec X 10^ 

0.25 

0.42 

0.57 

O.Hl 

i 

l.OG 

1.49 

2.23 

3.10 


The equivalent maximum intensity, us normally used in the fluorescence measurements, 
is practically the same as the maximum sodium light intensity, applied in the determinations 
of the gas exchange. In a few cases (cf. c) a 3.50 times higher intensity was applied. 

h. Stationary state. In purple sulphur bacteria, as well as in Chlorella (3), when ad- 
mitting the light after a dark period, considerable induction phenomena occur before a stationary 
value of fluorescence is reached. As it was our present purpose to study the stationary state 
when measuring a curve of fluorescence versus incident intensity, it was necessary to pre-illu- 
minate the suspension during a sufficiently long time for each intensity ax)plied, as has been done 
also in our measurements on Chlorella (}y As the present arrangement allowed to measure the 
fluorescence of the same cell suspensions as were used in the gas exchange equipment, it was 
easy to fulfil this condition approximately, in cases when also in the assimilation experiment a 
range of light intensities w^as applied. Then the fluorescence in each vessel was measured quickly 
at a few intensities in the neighbourhood of the intensity, it had received in the gas exchange 
equipment. 

However, in many experiments only one (high) intensity was applied in the experiments on 
gas exchange e,g,, when ph, concentration of hydrogen donor, COg were introduced as variables, 
whilst it proved to be of importance to measure also in those cases fluorescence as a function of 
light intensity. To this purpose we made „quick intensity series” with each vessel. 

Hereto we exposed the vessel to the high mteiisity, that it had received before in the gas exchange 
equipment and waited a few minutes till a stationary state was reached again. Thereafter a number of 
decreasing intensities was applied each during 30 sec. to 1 min., that is mitil fluorescence had again 
be come practically constant. Then again a number of increasing intensities was applied in the same 
way, the last intensity being equal to the one started with. Also tiie fluorescence found then was prac- 
tically equal to the one initially recorded. The curves of fluorescence versus incident intensity thus ob- 
tained resembled very closely those obtained in the other way, viz., by exposing a set of vessels to 
one intensity each during a longer time till the stationary state was certainly reached. In a few cases 
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a small difference in fluorescence was established, when samples of the suspension were pre-exposed 
at various intensities and then subjected to the same „quirk intensity series*' measurement. This small 
difference, however, does not affect the conclusions drawn from the measurements. Furthermore it is 
our experience that cells illuminated with a high intensity before measuring the fluorescence at a 
medium intensity reach the final fluorescence value appreciably sooner than without pre-illumination. 

i. Limits of experimental error. Fluorescence-irradiation curves, obtained from iden- 
tical samples of a suspension, measured immediately one after the other, indicate the mean error 
occurring in the procedure. Two types of errors present, themselves; 

1. systematic errors, affecting the whole (jourse of the cmve, which amounted to 5% at most. 
They are due to small errors in quantity of material introduced into the vessels, inaccuracy of the 
reduction factors for fluorescence, small variations of the position of the vessel in the thermostate at 
different measurements, etc. 

2. uon-systematic errors of the order of 2%, which are due to errors of reading, unsystematic 
variation of the electric a.(!. tensions, etc. 

In order to avoid misunderstanding it must he remarked, that differences between two curves 
wliich would be expected to be equal, are only so small as mentioned, if all conditions concerning the 
cell material, such as culturemedium, age, and pretreatment are indentical. 

j. Comparison of curves. In order to check the sensitivity of our apparatus from 
time to time we measured the infra-red fluorescence of a piece of GG 11 glass of Schott & Gen., 
put at the place of the bottom of the vessel. In various periods of the investigation the sensitivity 
of the apparatus was not fully equal. It appeared, however, that the initial slope of the curve of 
fluorescence versus incident intensity was always the same within the limits of error if the fluores- 
cence was expressed in that of the GG 11 glass as a unit, provided no poisons were added to the 
suspension. In our figures we have therefore in such cases always reduced the fluorescence scales 
so that exactly the same initial slope resulted. This correction is usually small and may assume 
larger values only when comparing data which have not been collected within one or a few days. 
In experiments in which poison was added we have always made measurements without poison 
too, the latter determining the scale correction. By such correction systematic errors as 
mentioned in i) disappeared for the greater part. 

General evidence from our whole material justified 
the application of this correction for the elimination 
of the long interval changes of sensitivity of our fluo- 
rescence measuring equipment. 

Chapter in. 

General features of the gas exchange 
and fluorescence curves. 

§ 6. The general character of the relation between 
the intensity of incident light and the velo- 
city of gas exchange. 

When a series of vessels with bacteria is illumi” 
nated with different intensities of sodium light and 
the rate of photosynsthesis is plotted against the 
light intensity, a curve of the type given in fig. 2 
results. This figure represents an experiment, perfor- 
med at 29° C at ph 6.B, with gaseous hydrogen as a 
hydrogen donor. In principle the same curve results 
with other hydrogen donors. 

The curve does not start strictly linearly from 
the origin; a „sigmoid*’ shape is apparent, as reported 
by French l®) with certain Athiorhodaceae. French 
found the deviation under discussion more pronounced with higher temperatures; we have 
got the same impression. For various reasons the lower points are not so very certain, because 
of 1) the small readings as such, 2) the correction for dark metabolism, which is relatively large 



synthesis and the iutt'iiaity of incident 
light ((^Og 5%, Hjj 15%, ph 0.3, 29°). 
Hxp. of 1.12.’39. 
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in these cases, 6) the fact that often long-time adaptations occur, especially at low light inten- 
sities, the later values tending to straighten the curve. We confine us here to these few remarks, 
some suggestions concerning an explanation of the phenomenon will be given in § 12. 

At higher light intensities photosynthesis has a strictly linear relation with light intensity. 
At still higher intensities a light saturation is reached of the same type as is known for Chlorella. 
It indicates that besides the light sensitive process at least one other process, independent of 
light, occurs in the chain of photosynthetic reactions. The conditions causing light saturation 
will be discussed in the followihg chapters. 

Between the intensity ranges of light limitation and light saturation a transition range is 
observable. As a rule it is rather extensive. Its relation to the light fall in the suspension has been 
discussed elsewhere (20). In this range the „photic” and a dark process both influence the bruto 

velocity of photosynthesis. The point of intersec- 
tion of the asymptote for an incident intensity 
I = 00 and the tangent of the curve in the part in 
which photosynthesis is linear in relation to I, 
may be called transition point (20), the intensity 
at which it occurs, transition point intensity. 

§ 6. The general character of the relation 
between the intensities of incident light 
and of fluorescence. 

In graphs representing the intensity of fluores- 
cence as a function of the intensity of incident light, 
the latter has always been expressed in its sodium 
equivalent (c/. § 4, e) in order to facilitate a com- 
parison with the graphs representing measure- 
ments of gas exchange. The intensity of fluo- 
rescence is expressed in arbitrary units. 

The general appearance of the curve of fluores- 
cence against incident intensity is represented in 
fig. 8. In this figure fluorescence has been plotted 
against incident intensity for a suspension with 
excess of COg and with Hg as a hydrogen donor at 
a temperature of 29® and at ph 6.3. Its characte- 
ristics are qualitatively typical for all curves. 

We observe proportionality between fluorescence and incident intensity at low intensities. 
At high intensities they are also linearly related with a higher slope than for low intensities. 

At intermediate intensities a transition from one slope to the other appears. The intensity 
range at which a deviation of the curves from straight lines is observable will be called 
transition range; the intersection point of both prolonged straight lines will be called 
transition point, the intensity at which it occurs: transition point intensity (It). Thus the 
curve is defined by the following characteristics: initial slope, final slope, transition range, 
transition point intensity. 

Following the general considerations, given in § 2, the form of the fluorescence 
curve observed for strain D indicates that the bacterio-chlorophyll does not transfer its 
energy to a compound present in abundance, but to an acceptor available in a limited 
concentration, which only at low light intensities appears to be able to accept readily all 
excitation energy. 

In some cases when poison is added to the cells, the (‘.urve of fluorescence against incident inten- 
sity has a more complicated shape; in some other cases fluorescence remains proportional to the in- 
oident intensity over the whole intensity range; these curves will be discussed in the corresponding 
sections (see §§ 16 — 18). 



Pig. 3. General type of the relation be- 
tween the intensity of fluorescence and the 
intensity of incident light (COj 5%, thio- 
sulphate 1%, ph 6.3, 29°). Exp. of 21. 5, ’40. 
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Chapter lY. 


On agents influencing the rate of photosynthesis by their action 
upon the supply of energy acceptor to the system of energy transfer. 


§ 7. Introduction. 

As has been expounded in § 2, influencing fluo- 
rescence of the photoactive pigment means influencing 
the transfer of the absorbed light energy from this sub- 
stance. This can be performed in two ways, viz., 

1) by changing the supply of compounds ready 
to accept energy, 

2) by changing the removal of compounds having 
accepted energy. 

In this chapter we will get acquainted with the 
hydrogen donors as connected with the supply of 
compounds active in the transfer of energy from the 
bacterio-chlorophyll (§8). We will see that they have 
to be subjected to an enzymatic process in order to 
be enabled to play a r61e in the process of energy 
transfer (§§ 8, 9). Some properties of the enzymatic 
process mentioned can be derived from this study, 
and are presented in §§ 9, 10, 11, 

§ 8. The influence of hydrogen donors. 

a. The influence of hydrogen donors 
upon the rate of photosynthesis. In fig. 4 
an experiment is represented in which the rate of 
photosynthesis was measured at a range of concen- 
trations of thiosulphate. All vessels received a high 
light intensity, not limiting the rate of photosynthesis; 
an excess of carbon dioxide was present, temp. 29®, 
ph 6.3. The rate of photosynthesis was derived from 
the three first readings of 5 minutes. For low con- 
centrations of thiosulphate it appears to be propor- 
tional to the concentration; at about 0.4 % satura- 
tion with thiosulphate is attained. 

Fig. 5 represents an experiment in which both 
suspensions with a limited amount, and such with 
excess of thiosulphate, have been compared at 8 
different light intensities. The other conditions were 
the same as above: excess of COg, temp. 29®, ph 6.3. The 
experiment was repeated several times with the same 
result. The curves show that at low light intensities the 
rate of photosynthesis is much less influenced by limited 
supply of thiosulphate than at high light intensities. 

The experiments discussed in (l®) have furnished 
data concerning the rate of photosynthesis in the 
presence of low concentrations of gaseous hydrogen 
donors. In the cases of hydrogen and of hydrogen sul- 
phide the rate of photosynthesis is proportional to 
the concentration, just as with thiosulphate (figs 6, 7). 



Fig. 4. Influence of the concentration 
of thiosulphate upon the rate of photo- 
synthesis (COg 5%, ph ().3, 29®, high 
light intensity). Fxp. of 20.5. ’40; cf. 
figs. 11, 11a. 



Fig. 5. Influence of the concentration 
of thiosulphate upon the rate of photo- 
HjTithesis (CO 2 5%, ph 6.B, 29°). Exp. of 
24.1. ’40. 
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Fig. 6. Influence of the concentration of 
hydrogen upon the rate of photosynthesib 
(COg 6%, ph 6.8, 29°, high light intensity) 
Exp. of 24.10.’39. 
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Pig. 7. Influence of the concentration of hy- 
drogen sulphide upon the rate of photosyn- 
thesis (COg 5%, ph 6.8, 29°, high light inten- 
sity). Exp. of 30.10. ’39. 


Again excess of carbon dioxide was present, temp. 29°, ph 6.3. As far as hydrogen is concerned, 
the highest dosis which can be supplied directly in a manometer (ca 600 cmm = 3%) still 
limited photosynthesis at our highest light intensity and under the other conditions mentioned. 

On the other hand, with 



Fig. 8. Influence of the concentration of hydrogen upon the rate of 
photosjnithesis (COg 6%, various values of ph and temp., high light 
intensity). Exps. of various date.s. 


15% of hydrogen (equal 
to about 3000 cmm per 
Vessel), light saturation 
was observed under the 
same conditions. Experi- 
ments with intermediate 
concentrations have not 
been performed so far. 
Furthermore we found no 
distinct difference be- 
tween the rate obtained 
in the mixtures N 2 , 15% 
H2,5%C02andN2,80% 
Hg, 5% COg. A number of 
data have been collected 
in fig. 8. The combined 
data allow to estimate 
the concentration of hy- 
drogen at which its ex- 
ternal concentration no 
longer limits photosyn- 
thesis. Under the condi- 
tions mentioned (excess 
of COg, temp. 29°, ph 6.3, 
our highest light inten- 
sity) photosynthesis will 
become independent of 
the external pressure of 
hydrogen at about 10 % 
of hydrogen in the gas 
phase (equal to about 
2000 cmm per vessel). At 
ph 7.6 as a rule this value 






PHOTOSYNTHESIS AND FLUORESCENCE OF BACTERIO-CHLOROPHYLL IN THIORHODAOEAE 299 


lies higher as will be seen in § 10. With bacteria from cultures submitted to a starvation 
procedure, the saturating concentration of hydrogen was lower than for iion-starved bacteria. 
This starvation procedure consisted of an exposure to high light intensity for several hours in 
culture liquid without carbon source and without hydrogen donor. 

An experiment, completely analogous to th(‘ one represen- 
ted in fig. 5 has not yet beeji performed with hydrogen. 

Another experiment, however, furnishes the same conclnsion. 

It is represented in fig. 9. The rate of photosynth(‘sis upon 
limited amounts of hydrogen has been conqiared applying high 
and low light intensities consecutively in onr ex])erim<'nt . 

Excess of carbon dioxide was prescmt, temp. 29“, ph 7.G. 

The points 1, 2, 3, 4 have been obtained first, afterwards 
the points 1' 2', 3', 4' were determined. The shift on the ahscis 
with respect to the corresponding points 1 , 2 etc. is due to the 
decrease of the amount of hydrogen in the vessel during t he 
experiment. The points 1, 2, 3, 4, 3', 4' have all been obtained 
at high light intensity, the points 1' and 2' with the same 
samples of suspension at an intensity of about 30% (^f the foniuT, 
using the filter Schott NG 4. We are chiefly interested in a com- 
parison of the points 1,1' and 2, 2'. It is seen that the weakening 
of the light in this experiment has practically no influence upon 
the photosynthetic rate. With excess of hydrogen a strong 
decrease of the rate would have resulted. 

Combined with the preceding experiments this justifies 
the conclusion that the influence of light intensity and concentration of hydrogen donor upon the 
rate of photosynthesis is completely analogous in the cases of hydrogen and of thiosulphate, 
b). The influence of hydrogen donors upon the intensity of fluorescence. 

In fig. 10 we represent an experiment, pc^rformed 
at ph 6.3 and 29°. The gasphase was Ng, 5% COg. 
Curves, showing th(^ intensity of fluorescence against 
incident intensity are given for a cell suspension to 
which no hydrogen donor has been added and for 
those to which various hydrogen donors, inz., sodium 
thiosulphate, hydrogiui and sodium butyrate w^ere 
added. These donors were present in excess, viz., the 
gas exchange was not increased by increasing the 
amount of donor. Carbon dioxide was also present 
in excess. It is observed that tin* (‘urves show the 
general character, described in § 6; all curves show 
nearly the same initial slojie and also the same 
final slope. Howwer, for the suspiuisions having 
received any donor the transition iioints are situated 
at much higher incident intensiti(‘s than that of 
the donorfree suspension. 

The curves, related to tht^ infhuujc*^ oi various 
donors, were obtanied in different experiments; it 
therefore cannot be exjiected that their transition 
points w’^ould coincide. Gut m general also with the 
same cell material coincidenc<* (cannot be expected, 
since e.g. the sensitivity to ph is different for 
various donors (c/. § 10). 

The result obtained shows that in the presenc/e 
of any of these hydrogen donors the fluorescence 



Eig. 10. Influence of various hydrogen 
donors added in excess upon the intensity 
of fluorescence (COg 5% ph 6,3, 29^') Exps. 
of various dates; cf. fig. 15. 



Eig. 9. lufliieiK’e of th(* con- 
cent ratioii of liydrogeu upon 
the rate of photosynthesis 
tCOg 5%. ph 7.0, 29' ). Exp. of 
9.7.’40; cf fig. 12. 
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curve remains on its initial slope up to much higher intensities than 
in the absence of donor* 


In fig. 11. curves of fluorescence against intensity are given, obtained from an experiment 
in vrhich limited amounts of thiosulphate were supplied to a suspension at ph 6.3, 29^, gasphase 
Nj, 6% COj. We observe a gradual change of the transition point of the curves with increasing 
donor concentration. Its situation at the 1% curve may be regarded as a saturation value. The 



Fig. 11. Iiifluen(;e of the concentration of 
thiosulphate upon the intensity of fluo- 
rescence (CO 2 5%, ph G.H, 2JF) Kxp, of 
20.5. ’40; rf. fig. 4. 



Conctntration of thioaulphata 

Fig, 11a. 1a as a function of thiosulphate 


initial and the final slopes of the curve are the 
same in all cases. In fig. 11a the intensities Ia 
(cf. fig. 3) of fig. 11 as a function of the concen- 
tration of thiosulphate are given, the curve starts 
linearly, whereas afterwards saturation is reached. 
We will discuss elsewhere that the value I a is related 
to the maximum velocity of photosynthesis (^). 

With hydrogen so far the influence of concen- 
tration has not been studied in so much detail as 
in the case of thiosulphate. Fig. 12 shows the in- 
fluence of addition of small amounts of hydrogen 
and of excess hydrogen in comparison with the donor 
free suspension; the other conditions were: excess 
of carbon dioxide, ph 7.6, temp. 29®. Fig. 13 shows 



Incidtnt intensity in erg^crr?»*c 


Fjg. 12. Influence of the concentration 
of hydrogen upon the intensity of fluo- 
rescence (CO 2 5%, ph. 7.6, 29°) Exp. of 


concentration, taken from fig. 11; c/, fig. 4. 


9.7, ’40; c/. fig. 9. 


the fluorescence of suspensions in equilibrium with 15% and with 35% of hydrogen. These curves 
are nearly the same. So also with hydrogen at a given external concentration saturation is reached. 

With hydrogen as a donor often a special phenomenon is observed, which will be discussed in § 23. 

The curves of fluorescence against incident intensity show the same slope at low intensities 
in the presence and in the abscenoe of hydrogen donor, notwithstanding their wide deviation at 
higher ones. This fact may be due to the presence of some intra-cellular hydrogen donor. One 
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may expect that a suspension of cells, completely 
free from donor, would give a straight line with 
a slope equal to the final one common to all curves. 
This assumption has been supported by experiments 
with cells that had been ,, starved”, i.e., exposed to 
high light intensity for some time without external 
hydrogen donors. After this treatment the cells will 
contain only a very small amount of donor. Indeed 
this treatment causes a shift of the transition point 
intensity to still lower values if no donor is supplied 
externally (fig. 14). 

Since the addition of donor in the experiments, 
described so far, means also that the process of 
photosynthesis is allowed to proceed, one might 
object that the changes in fluorescence are not caused 
by an action of the hydrogen donor as such, but 
merely by the fact that assimilation proceeds. 

Therefore also the effect of the addition of donor 
in the absence of carbon dioxide has been studied. 
In such cases photosynthesis is largely suppressed 
(c/. § 14), and indirect effects duo to assimilation 
are thus prevented. The effect of addition of thio- 
sulphate, hydrogen and butyrate to suspensions 
in equilibrium with a gas phase without carbon 
dioxide, is represented in fig. 15. This figure resem- 



Fig. V^. Influen(!t‘ of the concentration 
of hydrogen ui)on the intensity of fluo- 
rescence (OO 2 5%, ph 0.3, Exp. of 
31.1. ’40. 



Fig. 14. Influence of starvation proce- 
dure upon the intensity of fluorescence 
in the absence of a hydrogen donor 
(CO, 5%.ph 6.3, 29°) Exps. of 18.12.’39 
and 21.12.’39. 



Fig. 15. Influence of various hydrogen 
donors, added in excess, upon the inten- 
sity of fluorescence in the absence of 
CO, (ph 6.3, 29°) Exps. of various dates; 
c/. fig. 10. 
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bles closely fig. 10. The obvious decrease of fluorescence upon the addition of the hydrogen donors 
also in this case shows that the influence of the hydrogen donors upon the fluorescence 
exists independently of the rate of carbon dioxide reduction. 

Fig. 16 shows the same for hydrogen sulphide. It has not been collected with the 
other data in fig. 16 related to excess of donor, since in the case of hydrogen sulphide only 
relatively low doses can be applied, higher ones poisoning some other catalytic system. 

The same general conclusion may be drawn also from a comparison of fluorescence in suspen- 
sions without hydrogen donor and with hydrogen donor in the presence of a concentration 
of cyanide that totally inhibits photosynthesis. Fig. 17 shows, that also in this case the hydrogen 
donor exerts the same influence. Wo will see lateron that under the conditions chosen both 
carbon dioxide and cyanide themselves have no direct influence upon fluorescence. (Chapter V). 



Fig. 16. Influence of hydrogen sulphide 
(2,6% in gas phase) upon the intensity 
of fluorescence (no COj, ph 6.3, 29°) Exp. 
of 7.2. '40 



Fig. 17. Influence of hydrogen donor, 
added in excess, upon the intensity of 
fluorescence in the presence of cyanide 
(CO 2 5%, Ha 15%, ph 6.3, 29°, KGN 
0,0167%) Exp. of 30.1. '40. 


It will be observed that in the case of inhibited photosynthesis the curves of fluorescence in 
the presence of hydrogen donor are somewhat more „8traight’* than without inhibition. This 
also will be discussed lateron (§§ 14,16). 

c) Discussion. We have seen that without external supply of hydrogen donor the 
curve of fluorescence against incident intensity changes from its initial to its final slope at 
a much lower light intensity than in the presence of an excess of hydrogen donor. Compared 
at a certain (high) light intensity fluorescence is much lower with, than without hydrogen 
donor. So addition of hydrogen donor distinctly influences fluorescence. This influence is 
a direct one, since it occurs in an analogous way when photosynthesis is inhibited. 

Now, as we have seen in § 2, fluorescence may be considered as a measure for the con- 
centration of excited bacterio-chlorophyll molecules. This concentration is controlled by the 
velocities of excitation, and of transfer and annihilation of the excitation energy. The rate of 
excitation itself can be considered to be only dependent upon the number of quanta absorbed. 
The probabilities for transfer and annihilation are dependent on the conditions at the transfer 
system, as has been exposed in § 2. We may therefore conclude that the hydrogen donors 
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are intimately connected with the transfer of energy from bacterio-chloro- 
phyll to the energy consuming systems. 

Without hydrogen donor this transfer of energy appears to be bad, resulting in a high 
fluorescence. With hydrogen donor it is considerably increased up to a certain light intensity; 
for still higher intensities the transfer efficiency decreases again asymptotically to the same 
value as without donor. 

In fig. 4 a curve was shown representing the rate of photosynthesis in relation to the con- 
centration of thiosulphate added. In the same experiment the tlata of the fluorescence diagram 
given in figs. 11 and 11a were obtained. The parallelism with the simultaneous measurement 
of gas exchange is obvious, cf, also fig. 18 in which the data of figs. 4 and 11a are plotted 
against each other. The saturation values for gas exchange and fluorescence are obtained at 
about the same concentration of thiosulphate (ca 0.4%). Above 
this concentration neither gas exchange nor fluorescence can 
any more be influenced by a further increase of concen- 
tration. This means that a further influence of the hydrogen 
donor upon the transfer of energy is not possible. An analo- 
gous situation is observed in the case of hydrogen as a donor. 

The fact that increase of the external concentration of a 
hydrogen donor does not give a further increase of the energy 
transfer, and thus no further increase of the replacement of 
used molecules by fresh ones, suggests that not the limited 
capacity of the transfer system itself is responsible for tht^ 
saturation observed, unless at the transfer system a reaction 
of limited capacity would follow the acceptation of energy. We 
will show afterwards (§ 14) that other phenomena point against, 
the latter possibility. Therefore, we are led to the assumption 
that a special cellular mechanism is intercalated between the 
donor supplied externally, and its effect at the photoactive 
system. This mechanism may be d(^scribed as an enzymatic, 
process in which the hydrogen donor is involved and the result 
of which is that the energy transfer system receives a suitable energy acceptor. So we are led to the 
conclusion that the hydrogen donors do not themselves occupy the system of energy transh^r. 

Further arguments for postulating a special intra-cellular system between the donor and 
the transfer system are furnished by the observations to be discusst^d m the following sections, 
viz., that the supply of energy acceptor to the transfer system is strongly influenced by tomp(ira- 
ture and ph; furthermore the latter sensitivity is different for different hydrogen donors. More- 
over, another argument for the existence of a special system for donor transformation is derived 
from the fact that the fluorescence of a colloidal extract of the bacteria prepared in th(^ way 
described in (21) so as to leave its absorption spectnim unaltered, does not or hardly react upon 
the addition of hydrogen donors (see § 22). 

It may be asked in this connection whether the normal „Blackman ’’-process limiting the 
efficiency of increasing light intensities in the case of excess of hydrogen donor and exce‘ss of 
carbon dioxide is identical with this process supplying the transfer-system with energy acceptor. 
We have indications that this indeed may be the case under various conditions. Then the tran- 
sition point of the curves for fluorescence and gas exchange are found at about the mmv. light 
intensity (c/. also § 19). 

In the donor-free case there is a transfer, which chiefly can be considered as a loss of energy 
since the energy is not transferred to the process of photosynthesis. 

The slope of the fluorescence curve of a donor free suspension is about 4 times as stoop as 
the (initial) slope in the presence of donor, thus the transfer probability of energy without donor 
must be about 1/4 of that with donor. This indicates the preference for the issue of energy along 
places occupied with acceptor molecules above that along the acceptor free places. Also in the 
presence of donor a loss of about 25% at the system of energy transfer may occur, although 



Fig. ]8. Comparison of the 
rate of COg-uptake and Ia, 
taken from figs. 4 and I la. 




Uptake of CO2 
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in this ease the loss can also well be smaller. We have no definite idea as to which other acc^tor 
this lost energy is transferred. 

We have seen that by limiting the supply of hydrogen donor the rate of {diotosynthesis is 
hardly decreased at low light intensities, whereas it is strongly decreased at high ones. We must 
assume that the transfer of energy at the photic system is controlled by the local concentration of 
energy acceptor. This concentration in its turn will be determined by supply and consumption. 
With low external concentrations of hydrogen donor the supply per unit of time is low. Only 
in the dark and at low li^t intensities this supply will be able to keep the places of the transfer 
system continually ocempied. At higher light intensities the demand will surpass the supply, 
the transfer Bjtitem becomes „empty”, which means that the next transfer actions are impeded; 
ultimately an equilibrium with a definite part of the transfer system stationarily occupied* 
establishes itself. The higher the light intensity, the smaller is this stationarily occupied part. 

When the hydrogen donor is supplied externally in a higher concentration the mechaiusm 
described will show a shift towards higher light intensities. As far as the transfer system was 
totally occupied in the case of lower concentration, no changes occur. However, with increasing 
light intensities this situation will prevail over a longer range of intensities thus allowing a 
higher maximum transfer and so a higher maximum photosynthesis. If thus there exists a maxi> 
mum rate of supply and an increasing rate of consumption with increasing light intensity, the 
concentration of energy acceptor present at the transfer system will be smaller the higher the 
light intensity is. The fact that the fluorescence curve for a suspension with hydrogen donor at 
high incident intensities approaches the same slope as a donor free suspension suggests that a4; 
high intensities in the stationary state of illumination practically no acceptor is present at the 
system of energy transfer. 

Concluding this section we may state that, due to the combined study of the fluorescence of 
bacterio-chlorophyll and the rate of gas exchange, we have got acquainted with the place at 
which the hydrogen donor enters into the process of photosynthesis. Evidently the donor 
forms an essential link in the supply of a suitable energy acceptor to the system transferring the 
energy from the excited bacterio-chlorophyll. 




Pig. 19. Influence of temperature upon 
the rate of photosynthesis (CO, 6% , thio- 
sulphate 1%, ph6.8). Exp. of 14.12. '89. 


Fig, 20. Influence of temperature upon the 
rate of photosynthesis (CO, 6%, H, 15%, 
ph 7.6), Exp. of 10.7. '40. 
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§ 9. The influence of temperature. 

a. The influence of tempera- 
ture on gas exchange. In green 
plant cells the relation of photosynthesis 
to temperature and light intensity is 
well known. So in Chhrella it has been 
found that photosynthesis is hardly de- 
pendent on temperature as far as it is 
limited by the light intensity; on the con- 
trary it is strongly sensitive to tempera- 
ture changes in the range of light satura- 
tion. A similar behaviour is observed 
with purple sulphur bacteria, both with 
thiosulphate and with hydrogen as a donor 
(figs. 19 and 20). In the light limiting 
range the curves for various temperatures 
practically coincide. At low intensities 
the values for the highest temperature 
are even often somewhat lower than those 
for the lower temperatures. This may be 
described as a more pronounced S-shapo 
of the curve at higher temperatures, as 
was also observed by French i®). At 
higher intensities the curves run parel- 
lelly, but the transition point intensity is 
strongly dependent on temperature. Con- 
sequently the saturation value of tho 
assimilatory rate strongly differs for 
various temperatures. 

In Table II some temperature coef- 
ficients for the light saturation range have 
been collected. It appears that the Q5- 
value found for the lowest temperature 
interval is fairly constant (with the excep- 
tion of the experiment of 14.1 2. ’39 in 
which the value recorded at 11° was excep- 
tionally low) and amounts to ca 1.80, 
corresponding with a value for the energy 
of activation A = 19.3 k.cal. in the 
Arrhenius equation. In the higher tem- 
perature intervals generally lower Qg- 
values were recorded. This may have a 
real significance, indicating that with 
higher temperatures another dark process 
with a lower temperature coefficient may 
control the bruto velocity. On the other 
hand, however, these lower coefficients 
may partly be due to a decreased activity 
of the bacteria in the course of the expe- 
riments, as mostly the data for these tem- 
perature intervals were obtained at a 
later moment in the experiment. We 

Enzymologia. Vol. X, 4-6. 



') Concentration normally used. 
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therefore will not discuss these data theoretically. It 
is perhaps useful to emphasize in this connection that 
for a theoretical discussion of Q 5 > values it is necessary 
to make a special study of the limiting processes in 
the successive temperature intervals, in order to deter- 
mine in how far shifts in these values are more or 
less incidental or due to methodical complications, 
or are characteristics of the process studied. Evidence 
obtained in other fields suggests that a discussion of 
characteristics of incidentally recorded temperature 
curves as a rule can not reveal fundamental characte- 
ristics of a biological process (c/. e,g, (22, 23)). As a 
special study of temperature coefficients has not yet 
been carried out in the case of photosynthesis, a de- 
tailed discussion of this matter as set up e.g. by 
Wohl 24) seems somewhat premature. 

b. The influence of temperature on 
fluorescence. In fig. 21 we represent a set of cur- 
ves obtained with a suspension at various tempera- 
tures, with thiosulphate as a hydrogen donor, at ph 
6.8. We notice that the initial slope is the same for 
all temperatures. The final slope is only slightly 
dependent on temperature, of this slope is about 
0.9. The transition point intensity, however, is strongly 
dependent on temperature. 

In fig. 22 an experiment is represented on the 
influence of temperature upon fluorescence with hydrogen as a donor at ph 7.6 Fig. 23 
presents some observations made in the same experiment at still higher temperatures and 



Incident intensity in ergs/:m*sec 


Pig. 21. Influence of temperature upon 
the intensity of fluorescense (COj 6%, 
thiosulphate 1%, ph 6.8.). Exp. of 
15.12.^39. 



Fig. 22. Influence of temperature upon 
the intensity of fluorescence (CO« 6%, 
H, 16%, ph 7.6). Exp. of 10.7.^40. 



Fig. 23. Influence of temperatme upon 
the intensity of fluorescence in a large 
range of light intensities (CO, 6%, H, 
16%, ph 7.6). Exp. of 10.7.*40. 
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at higher light intensities (up to 3.6 times as high as ordinarily, cf. § 4). These observations 
show very clearly that the final slope is nearly the same at very different temperatures. Also 
the initial slope is the same, just as was observed with thiosulphate. Again the transition 
point intensity is strongly dependent on temperature. Th(» parallel measurement of gas 
exchange is represented in fig. 20. 

c. Discussion. The evidence brought forward in § 8 led to the conclusion that some 
enzymatic process connected with the supply of the energy transh^r system with energy acceptor 
may constitute a „limiting factor” in photosynthesis. It causes light saturation under conditions 
of excessive external supply of hydrogen donor and carbon dioxide. The evidence presented in 
this section furnishes strong arguments in favour of the view that the influence of temperature 
upon the rate of photosynthesis reflects the influence of temperature upon this process. This 
is especially suggested by the observation that an increase of temperature in the presence of an 
excess of hydrogen donor influences the fluorescence curves in exactly thosamewayas 
an increase of the external concentrations of hydrogen donor (§ 8). Further- 
more the agreement observed in many cases between the transition point intensities of fluores- 
cence and gas exchange is an argument in favour of this view. 

So the temperature sensitivity of the reaction that supplies energy acceptor to the energy 
transfer system may be considered to be the cause for the parallel changes in fluorescence and 
in gas exchange. That the transfer action as such is not strongly sensitive to temperature is 
shown by the fact that both the initial and the final slope of the fluorescence curves are prac*ti- 
cally independent of temperature. 

With hydrogen at ph 7.6 at various temperatures the fluorescence transition point was 
found at a higher intensity than the one of gas exchange. It is conceivable that under these 
conditions light saturation is not caused by the same process in the measurements of gas exchange 
and of fluorescence. This may especially be advanced, since we have evidence for the existence 
of a second dark process, which may limit the gas ex- 
change in a similar way as the one discussed so far, goo _ 
whilst only slightly and indirectly influencing fluores- 
cence (c/. § 14, § 19). 

§ 10. The influence of ph. ' 

a. The influence of ph on gas exchange. 

Experiments on the influence of ph on photosynthesis 
of Chromatiunif strain D, in phosphate buffer with 

thiosulphate as a hydrogen donor, had yielded tho 

unexpected result that the rate of photosynthesis at E 
high light intensities was much larger at ph 6.2 than w so . 
atph 7.0 (4). This was especially unexpected, because ^ 
the optimum for growth in malate-thiosulphate-media • 

was found at about ph 7.4 (4). It has also been proved | ,,,,,, 

that the observed effect is real, and not duo tot con- ^ ^ ^ ^ 7,2 7,5 7,8 

current chemical conversions in the medium (^). ^ „ 

A mo,o compl.1. jeoori ol «.• -to 5 W »%? 

discussion IS represented in fig. 24; the observations phate 1 %, 29°, high light intensity), 

were made with high light intensity. Just as, was found Exp. of 10.4. ’40. 

previously, the rate of photosynthesis is not much 

different from ph 6.0 to ph 6.6; at higher ph- values a considerable decrease is observed. For 
the higher ph-values the amount of extra-uptake of COg in the presence of thiosulphate 
becomes larger. In a curve, corrected for this uptake, the difference between low and high 
pb-values would still be larger {cf. also § 8). As far as our experience goes, the effect 

is far less pronounced at low light intensities, cf. fig. 25. 

Also the influence of ph upon the rate of photosynthesis with hydrogen as a donor was 
studied. In fig. 26 and 27 we present an experiment in which the rate of photosynthesis at 
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Pig. 25. Influence of ph upon the rate 
of photos3nithe8is (COg 5%, thioeul- 
phate 1%, 29°). Exp. of 21.5.’40. 



various ph, both at a high and at a low light intensity, 
was established. Unfortunately it was not possible 
to apply a sufficiently high intensity to all vessels. 
Therefore, we have traced a curve through each set of 
two points obtained (fig. 26), wliich was possible owing 
to the general evidence collected in various other 
experiments. For the highest ph- values light saturation 
has not been reached. With the aid of these curves 
the relation of the rate of photosynthesis to ph at 
high intensities can fairly well be established. It is 
thus seen that at high light intensities the rate strongly 
increases with increasing ph (fig. 27). This conclusion 
has been confirmed at various other occasions. At 
low light intensities a less pronounced sensitivity 
towards ph was observed, just as was the case with 
thiosulphate; the rate is rather constant from ph 6.0 
to ph 7.0, a slight decrease occurs at higher ph- 
values. This decrease is perhaps chiefly due to the 
often observed fact that with hydrogen at high ph- 
values the sigmoid shape of the photosynthesis- 
intensity curve is more pronounced than at lower 
ph. At medium intensities the steepness of the curve 
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increases somewhat with increasing ph, as may be seen from figs. 26 and 28 and as was also 
observed at various other occasions. 

From the experiments reported we can conclude that especially the system limiting the rate 
of photosynthesis at light saturation is sensitive towards ph. This sensitivity has a different 
character for various hydrogen donors, since, in the ph-range studied, with thiosulphate the 
rate decreases towards higher ph, whilst with hy- 
drogen it increases in this direction. 

b. The influence of ph on fluorescence. 

In fig. 29 we present data concerning the influence of 
ph on fluorescence at high light intensity with 
thiosulphate as a hydrogen donor. We observe that 
under these conditions fluorescence increases with ph. 

Fig. 30 shows the influence of ph in the pre- 
sence of thiosulphate at different incident inten- 
sities. The curves obtained have the same initial 
and the same final slopes but different transition 
points, just as was observed with various amounts 
of hydrogen donor or with various temperatures. Infhieiict' of ])h upon the in- 

t(‘iisity of fluorescence (t’Og 5%, tiiio- 
sul]diate 29®, high light intensity). 

Kxp. of lt>.‘h’40. 




h'ig. 28. Influence of ph upon tl 
of photosynthesis (COg 5%, H. 
29®). Kxp. of 9.7. ’40. 


2 S.K)'* 

Inddtnt intensity m ergs/cm^sec 

the rate 
Tg 15%, 



Fig. 31 shows the influence of ph on fluorttscence at a given high light intensity and also at 
a low one with hydrogen as a donor. Just as in the case of gas (‘xcliange (c/. figs. 26 and 
27 which belong to the same experiment as fig. 81} the infliieiKa' is more marked at high 
intensity than at low intensity. The influence of ph in tlu* presence of hydrogen is contrary 
to that in the presence of thiosulphate, as was also observed of the gas exchange. 

Fig. 32 shows the influence of ph on fluorescence at different incident intensities, with 
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Pig. 31. Influence of ph upon the in- 
tensity of fluorescence (COa 5 % , 1 5 % , 

29°, two different light intensities). 
Exp. of 80.4. ’40. 



I’ig. 32. Influence of ph upon the in- 
tensity of fluorescence in a large range 
of light intensities (COg 6%, Hg 15%, 29°) 
Exp. of 9.7. ’40. 


hydrogen as a donor; these data belong to the same experiment as the gasexchange data of fig. 28. 
The character of the curves is the same as in the case of thiosulphate, however, with hydrogen 
the curve of the higher ph maintains it initial slope up to higher intensities. In this experiment 
incident energies were applied up to 3.6 times higher than the usual maximum intensity (c/. §4). 
The final slope of the curves is the same for both ph- values, but the transition point is different. 

We may conclude that the influence of ph on fluorescence is of the same type as that 
of the concentration of hydrogen donor and that of temperature. 

c. Discussion. Just as was the case with variations in concentration of hydrogen 
donor (§8), and with influences of temperature {§ 9), we are struck also in the case of ph by the 
remarkable relation that exists between the behaviour of gas exchange and that of fluores- 
cence. If gas exchange increases, fluorc^sceiice decreases and vice versa {cf, figs 24 and 29, 26 
and 30, 26 and 31, 28 and 32). The intensity transition points for gas exchange and fluorescence 
show similar shifts as a function of ph. We have already seen that the influence of ph is less 
pronounced at low light intensities than at high ones both for gas exchange and for fluores- 
cence. This indicates that the process, limiting the total rate of gas exchange at light saturation 
is sensitive to ph. 

The evidence presented in this section leads to the conclusion that the sensitivity to ph 
must be considered as a property of the system reacting with the hydrogen donors and sup- 
plying the system of energy transfer with energy acceptor. It is well conceivable that this sen- 
sitivity is different for various hydrogen donors as has been actually observed for hydrogen 
and for thiosulphate. However, so far the causes for this difference are not understood. 


§ 11. On the combined use of two hydrogen donors. 

We know from the preceding sections that the hydrogen donors which we have studied 
somewhat more in detail, m,, hydrogen and thiosulphate, are well assimilated under the condi- 
tions of our experiments. If a sufficient amount of one of these donors is added, almost the entire 
g as exchange measured runs at the expense of this donor, the gas exchange of the auto-asshni- 
1 ation then being negligible. The foregoing experiments have led to the supposition, that the 
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hydrogen donor reacts with an enzyme system supplying the energy transfer system with energy 
acceptor. An insight into the behaviour of the enzyme system involved (indicated below as 
system I) towards different donors may be obtained from the study of gas exchange and fluores- 
cence with two hydrogen donors simultaneously supplied, each present in abundance. 

So far we have carried out such experiments with hydrogen and thiosulphate at ph 6.8, 
both at a high and at a low light intensity. At the time these experiments wore made, it was not 
yet known that the influence of ph on the rate of 
photosynthesis differs according to the nature of the 
hydrogen donor supplied. It will, therefore, be in- 
teresting to perform such experiments also at ph 7.6. 

The manometric reading in an experiment in 
which thiosulphate and hydrogen have been supplied 
simultaneously, each of them in abundance, is a 
'priori open to four possibilities. It may be 1) equal 
to the reading with thiosulphate alone, 2) equal to 
that with hydrogen alone, 3) between both readings, 

4) above that with hydrogen alone *). 

The first possibility would indicate that thiosul- 
phate had a much larger affinity than hydrogen to 
the system reacting with the hydrogen donors. In 
the reverse case the second possibility would be 
realised. The third case indicates that both donors 
have a comparable affinity to the system mentioned. 

Under these conditions we can learn something con- 
cerning these affinities from the magnitude of the 
reading. The fourth case can only occur, if there are 
specific catalysts for various donors or for various 
types of donor. 

The results obtained have been collected in Table 
III. Both for high and for low light intensity the up- 
take of gas per hour found in the vessel containing 
both hydrogen donors lies between the uptakes 
for thiosulphate and hydrogen alone, so that the 
third possibility appears to be realised. It must 
be noticed that the gas that has disappeared from the gas phase is carbon dioxide in the vessel 
with thiosulphate alone, and a mixture of carbon dioxide and hydrogen in the other cases. 

Fluorescence is about equal in all cases both at high and at low light intensities (fig. 83). There 
was no evidence that two hydrogen donors each present in abundance yielded a lower fluoresceneo 
than each of them separately. Or expressed in other words: when once a decrease is obtained 
by addition of an excess of a given hydrogen donor {e.g, hydrogen), addition of excess of an- 
other donor {e,g, thiosulphate) does not give any appreciable additional decrease. This con- 
clusion must so far be restricted to the donors actually used and to the ph of 6.3, at which the 
decrease of fluorescence is of the same order of magnitude for hydrogen and for thiosulphate. 

From the results obtained we may conclude that hydrogen and thiosulphate can replace 
each other at system I. 

At high light intensities at ph 6.3, the rate of photosynthesis may bo considered to be 
limited by the capacity of system I, as discussed in the preceding sections. In this case it is 
evident that the fractional occupation of system I with each of the two donors, simultaneously 


♦) In principle a fifth possibility is conceivable, viz. that the reading in the presence of both 
donors would lie below the one with thiosulphate alone. This would imply that the hydrogen in this 
case would not be assimilated, and moreover would impede the assimilation of thiosulphate, which 
supposition is a priori very unlikely. 



Fig. 33. Influence of the simultaneous 
presence of two hydrogen donors, each 
added in excess, upon the intensity of 
fluorescence (COj 5%, ph 6.3, 29°). Exp. 
of 14.3. ’40. 
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TABLE III. 

Uptake of gas*) in crnrn/hour in the presence of hydrogen and/or thiosulphate 

ph 6.3, temp. 29°. 


Date 

Donors 

Without 
dark correction 

With 

dark correction 

With dark correction 
and correction for 
uptake of COg 
in the medium 

high light 
intensity 

low light 
intensity**) 



high light 
intensity 

low light 
intensity**) 

13.3.40 

thiosulphate 

133 

59 






H, 

512 

205 






thios. + Hg 

265 

83 





14.3.40 

thiosulphate 

132 

51 

144 

68 




H, 

360 

192 

3()3 

195 




ihios. 4- Hj 

182 

69 

185 

72 



18.3.40 

thiosulphate 

130 

56 

J45 

71 




Hg 

413 

224 

418 

229 




thios. -|- Hg 

250 

86 

255 

91 



20.3.40 

thiosulphate 

112 (122) 

46 (57) 

129 (139) 

63 (74) 

113 

50 


H, 

325 (350) 

126 (167) 

331 (356) 

132 (173) 

331 

132 


thios. + Hg 

182 (202) 

68 (90) 

191 (211) 

77 (100) 

177 

76 

1.4.40 

thiosulphate 

121 (138) 

42 (56) 

135 (152) 

56 (69) 




H, 

400 (422) 

131 (181) 

400 (422) 

181 (181) 




t-Iiios. H- Hg 

227 (236) 

68 (92) 

230 (239) 

71 (95) 




*) When only thiosulphate is present as a donor, the ujitake of gas consists of (‘.arbon dioxide; 
in the other cases partly of carbon dioxide, partly of hydrogen. 

♦♦) corrected for small differences in incident intensity in parallel vessids. 

( ) values derived from half hour constant rate. 

supplied, will determine the amounts of gas, ix, carbon dioxide + hydrogen, taken up. The 
percentages of system I occupied either with thiosulphate or with hydrogen then are determined 
by the relative affinities, divided by the respective molecular reaction velocities. 

At low light intensities, the rate of photosynthesis is limited by the number of quanta ab- 
sorbed by the bacterio-chlorophyll per imit of time, and thus also by the number of quanta, 
transferred to the energy acceptor. Assuming that for refilling the transfer system with energy 
acceptor, no preference exists for the reaction products, formed at system I from either of the 
two donors, the percentages of the total number of quanta used in photosynthesis involved in 
the reaction either with products from thiosulphate or from hydrogen will bo equal to the per- 
centual occupation of the system 1 by both donors, which in this case is solely determined by 
their relative affinities to this system. Whilst, working with manometrically indifferent donors 
no direct influence of the donor on the gas uptake would be expected in the range of light limi- 
tation, the situation is different in our case, since the consumption of hydrogen is also detet^table 
in the manometric reading. Due to this circumstance it is possible to compute the occupation of 
system I with each of the two donors also at low light intensities. 

In order to calculate from the experimental data the percentages of system I occupied either 
with thiosulphate or with hydrogen, some further assumptions have to be made. 

Firstly we assume that per unit amount of each donor, taken up in the „combined** experi- 
ment. the same amount of COg is consumed as when each donor acts alone. In our opinion there 
is no plausible reason to suppose that this assumption is not valid. 

Secondly the following, as such also very plausible assumptions have to be made. In the case 
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of high light intensity it has to be assumed that the molecular rate at which carbon dioxide is assimi- 
lated at the expense of one of the two donors is independent of the presence of the other one. Thus 
the active platjes at the enzyme-system I are engaged either in a reaction with one donor, or with the 
other one, and there is no interaction between the separate places. In the case of low light intensity 
we assume that the quantum efficiency of the assimilation of carbon dioxide ai the expense of one of 
the two donors is independent of tlie presence of the other one. 

Suppose now the vessel with thiosulphate assimilates per hour a cmin of COg, the vessel 
with hydrogen h cmm (CO 2 + Hg), the vessel with both donors c cmm (CO 2 + ^ 2 )* Then, for 
the case of high light intensity, a simple calculation enables to compute from the experimental 
data the percentage x of the system I occupied with thiosulphate and the percentage y occupied 
with hydrogen. We then have: 

x+y=100 (1) 

and on the basis of the assumptions made 


ax + by = 100 c* 

From (1) and (2) x and y can be solved: 


X = 100 


b— c 
Id — a * 


100 


c — a 
b — a 


( 2 ) 


From (2) it is obvious that and represent the parts of the total gas exchange c obtained 

100 100 


at the expense of each donor. For this calculation not oven the ratio between hydrogen and 
carbon dioxide assimilated needs to be known, it must only be supposed to be the same when 
hydrogen is present alone or together with thiosulphate. 

For low light intensities the percentages of the limiting factor, in casu of the total number 
of quanta used in photosynthesis, can be computed in the same way. As expounded above the 
percentages thus found, also in this case respresent the fractions of system I occupied with each 
of the two donors. 

The percentages for hydrogen computed from the experiments from Table III are collected 
in Table IV. The data are presented in throe series, viz. 1) without any correction, 2) with cor- 
rection for dark metabolism 3) with correction for dark metab lism and for the chemical binding 


TABLE IV. 


Fracfj.'Ti y in % of sysfom T occupied with hydroj^eri in t ]u> pres(‘n(*o of hydrogen 

and t liiosulphaie 
ph G.:3, temp. 


Date 

Without dark correction 

With dark correction 

With dark c.orrection and 
correction for chemical 
uptake of COg 

high light 
intensity 

low light 
intensity ♦) 

high light 
intensity 

low light, 
intensity *) 

high light 
intensity 

low light 

int^ensitjT- ♦) 

l;).3.40 

:i5 

lf3 





14.3.40 

22 

12 

19 i 

7 



18.3.40 

42.5 

i bs 

40 1 

1 i8 



20.8.40 

83 (35) 

28 (80) 

30 (33) 

20 (2(>) 

80 

81 

1.4.40 

38 (35) 

29 (29) 

:Wy (82) 

19 (28) 

84 

21 

Average 

84 

21 

81 

15 

82 

20 


*) corrected for small differences in incident intensity in parallel vessels. 
( ) values derived from half hour constant rate. 
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of CO 2 to the sodium ions, remaining as a result of the conversion of thiosulphate (c/. (^)). With 
both donors, each present in abundance, in the region of light saturation about 82% of the system 
I appeared to be engaged in the reaction with hydrogen, and thus about 68% in the reaction 
with thiosulphate. The corrections introduced did not have much influence upon these percen- 
tages, as these corrections are small in relation to the gas exchanges measured. At low light inten- 
sity (about 1/6 of the high one, or 0.6 X 10* ergs/cm* sec.) the percentages found for hydrogen 
mostly were still lower than at high intensity. For the low light intensity the data show a greater 
scattering and the corrections for dark metabolism and chemical conversions cause larger chan- 
ges, due to the relatively larger errors in the determination of low amounts. 

From a combination of the values for x and y found at low and at high light intensities, the 
ratio of the reaction velocities of system I with each of the donors might be computed (c/. above). 
However, we consider our present data at low light intensity not sufficiently accurate to carry out 
this calculation. 

We know from a large number of measurements that at light saturation under the conditions 
of these experiments (ph 6.3, temp 29° C.) the rate of photosynthesis expressed as uptake of CO 2 
is about the same with thiosulphate and with hydrogen. This means that the reaction velocities 
of both donors at system I do not differ much. Under these conditions the meaning of x and y 
becomes also: the percentages of the amount of CO 2 reduced at the expense of thiosulphate and 
of hydrogen. 

Before concluding this section we will still briefly discuss the conditions under which the 4th 
possibility mentioned above would hold, m 2 ., that the gas exchange obtained with both donors would 
surpass that with hydrogen alone. 

The occurrence of possibility (4) for low light intensities would necessarily be connected with 
specific reactive spots at the system of energy transfer for the transfer of energy to the acceptors 
derived from various donors. This is only conceivable, if these energy acceptors differ for the various 
hydrogen donors. Besides this, for the realisation of (4) at low light intensities it is necessary that the 
energy absorbed by a given pigment molecule can only be transferred by one type of the specific 
reactive spots, in other words these spots should be specifically linked with the light absorption appa- 
ratus. In the reverse case, i e., when the energy could be distributed arbitrarily over either of the 
specific spots the gas uptake with both donors would lie between those with each donor separately. 

For high light intensities, when system I limits the rate of photosynthesis, the occurrence of 
case (4) would indicate that separate specific spots exist at this system, because then in the case of 
two hydrogen donors the combined capacities would be available, allowing an increased total rate of 
energy transfer, and thus also of photosynthesis. These considerations have a bearing upon our pre- 
vious work in which we have concluded to the existence of separate active complexes in the photo- 
synthetic system of the bacteria (5) ♦). In the present investigation, the bacteria used nearly always 
had the tjrpe of spectrum with both bands about equally well developed ((5), fig. 2a). It may be remar- 
ked that we consider the various maxima in the infrared as the indication of the existence of separate 
pigment-protein complexes (5); we may thus assume that both pigment-protein complexes were 
present in comparable amoimts. In the region of visible light the absorption spectra of these complexes 
have not yet been studied thoroughly. As far as our experience goes, in strain D the absorption maximum 
in the region of the sodium lines, of interest here, is not much dependent on the type of infrared 
spectrum. Thus, the absorption in the region of the sodium lines may be considered to be about the 
same for each of the two symplexes. 

We do not know whether the molar absorption coefficient of the pigment molecule is the same on 
different proteins; we will, however, suppose that it is not strongly different. 

Now the experiments reported in this section have shown that the 4th possibility does not 
hold, neither at low nor at high light intensities. Hydrogen and thiosulphate replace each 
other, so that we cannot assume that each of the two symplexes answers to only one of these 
two donors, which belong to widely different chemical classes. Beforehand a direct connection 
between the sjonplexes and the hydrogen donors might be deemed improbable, since we have 
proved in the preceding sections that the hydrogen donor does not act as such in the energy 
transfer, but only ma the intermediate of an enzyme. But it remains conceivable that system 
I were closely connected to the protein to which the pigment is bound. 


♦) Recently French arrived at an analogous conclusion by the study of supersonic extracts 
from various strains of purple bacteria (25). 
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Whether the affinity of the energy acceptors, formed from both hydrogen donors, to each of 
the pigment-protein symplexes differs quantitatively for both symplexes, remains undediced 
by these experiments. It may even be conceived that in the case of both donors studied only 
one of the two pigment-protein complexes is active. This must be further studied with the aid of 
monochromatic radiation corresponding to the position of either of the infrared absorption 
maxima. So far we have not yet attacked this problem, and thus the physiological meaning of 
the two maxima remains to be elucidated. 

The experiments reported form only a first approach to the study concerning the affinity 
of the enzyme-system I towards various donors. We consider experiments with combinations of 
hydrogen donors to be especially suited to give an insight into the comparative physiology of the 
various types of purple bacteria. 

§ 12. On a possible relation between the gas exchange and the conversion of cellular 
hydrogen donors, with a remark on the quantum efficiency. 

It was already mentioned in § 5 that the curve representing the rate of gas exchange against 
light intensity in purple sulphur bacteria does not start linearly from the origin, but shows an 
S-shape, indicating that the amount of gas exchange obtained for a given amount of light energy 
increases with increasing intensity. The same observation was made by French with 
Athiorhodaceae. 

One may ask firstly whether the mentioned increase only holds for the rate of gas exchange, 
i.c. uptake of COg, or also for the rate of photosynthesis. Wohl 24) has suggested that the latter 
rate indeed increases, and ascribes the lower yield at low light intensities to the relatively 
greater importance of back reactions in intermediate steps of the process, and thus considers the 
S-shape to be related with the time interval between the transfer of successive quanta. As an 
argument in favour of this view he considers the fact observed by French i®) that the yield at 
low light intensities decreases with increasing temperatures. The same tendency was observed 
in our experiments with Chromatium, 

Although we have not yet examined the region of low light intensities in great detail, cer- 
tain observations on gas exchange and fluorescence suggest that still another factor may be im- 
portant for the development of S-shaped gas exchange curves, namely the cooperation of orga- 
nic intra-cellular substances in the photosynthetic metabolism. 

Muller H) has shown that organic substances, especially fatty acids, can be converted 
photosynthetically into coll material by purple sulphur bacteria. This process may be considered 
to possess the character of an intramolecular oxydoreductive conversion, accompanied by either 
an uptake or an evolution of carbon dioxide, dependent on the degree of reduction of the sub- 
strate. Generally the observable gas exchange is smaller the more the substrate approaches the 
composition of the first product of photosynthesis. Gaffuon 1®) found that in Athiorhodaceae 
the assimilation of a molecule butyric acid is accompanied by the uptake of 1 40 mol. carbon 
dioxide. This means that for 5 carbon atoms assimilated only 1.40 mol. COg is taken up from the 
gas phase. For various fatty acids Gaffron found an uptake of about 0.5 mol. of COg for each 
additional CHg-group. So for various substances of this class only about 1/3 of the number of 
C-atoms involved in photosynthesis is represented as uptake of carbon dioxide. 

We may safely assume that in the case of intra-cellular donors the fraction of total photosyn- 
thesis measured as uptake of COg will not be larger, probably smaller. On the other hand if COg 
is converted with the aid of hydrogen or with thiosulphate, the total rate of photosynthesis is 
measured as uptake of COg. These considerations allow in principle an explanation of the 8-shape 
of the curve of gas exchange versus incident intensity, if the following further assumptions are 
made. At low light intensities the fraction of photosynthesis, running at the expense of intra- 
cellular donors must be larger than at high intensities. This is easily understood, if the intra- 
cellular donors have an affinity to the active systems comparable with that of the externally 
supplied donors, but moreover are supplied only at limited maximum rates. Then, at low light 
intensities, photosynthesis will run for an appreciable fraction at the expense of intra-cellular 
donors, accompanied only by a low uptake of carbon dioxide. With increasing intensity the 
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available amount of intra-cellular donors will soon become quite insufficient to occupy an appre- 
ciable part of the system reacting with the hydrogen donors, and the greater part of the total 
rate of photosynthesis will nin at the expense of externally supplied hydrogen donors. 

Further evidence regarding the S-shape of the gas exchange curve is given by the curve of 
fluorescence against incident intensity. This curve shows a linear course at low intensities, in- 
dicating that in the region of low intensities no anomalies in the transfer of energy occur. 
This is in accordance with the supposition that the S-shape of the gas exchange curve is due to 
the consumption of intra-cellular donors, but it does not definitely prove that this is the case. 
For the same thing would be observ^ed when the peculiarities in the gas exchange were due to 
in special properties of the processes using the energy transferred (c/. Chapter V). 

Some direct indications for the cooperation of small amounts of intra-cellular donors 
photosynthesis may now briefly be discussed. 

1 . When no hydrogen donors are supplied externally, the rate of gas uptake is very low, 
but the distinct evolution of gas which — although it is very small in phosphate buffers of ph 
6.8 — is observed in the dark, is suppressed totally at high light intensities and at least partly 
at low ones. At high light intensities a small gas uptake is observed. It was already remarked 
elsewhere (l®) that other authors report larger values of ,, auto -assimilation”, especially with 
respect to measurements of photosynthesis in bicarbonate solutions. 

2. Another argument in favour of the participation of intra-cellular donors in photo- 
synthesis may be derived from the curves of fluorescence against incident intensity in the ab- 
sence of externally supplied hydrogen donors. Those fluorescence curves start from the origin 
with the same slope as the curves with donor but they reach their final slope at a lower in- 
tensity. Since the transition point intensity is strongly susceptible to the supply of hydrogen 
donor it lies at hand to assume that in the part of the curve with the initial slope, photo- 
syiathesis runs at the (»xpense of intra-cellular donors. 

'rABLE V. 

Influence uf starvation upon transition point intensities of fluorescence 
in donor-free suspensions, ph 6.3, temp. 29'". 


Starvt'd i| Non-slarvcHl 


Da,1 

Fluorescence 
transition 
point inten- 
sity in donor- 
free suspen- 
sions (in 
ergs/cm'-^sec.) 

Donor 

Rate of 
photo- 
synthe- 
.sis in 
cinm ('Og 
p. hour at 
light 
satura- 
tion 

Dat t* 

Pluorescenc(' 
transition 
point inten- 
sify in donor- 
fre(' suspen- 
sions (in 
ergs/cm^ sec.) 

Donor 

Rate of 
photo- 
synthe- 
sis in 
(*mm COg 
p. hoiu* at 
light 
satura- 
tion 

21. 9.39 

3.4 X lit® 

t hiosulphal e 

J73 

4 12.39 

0.2 X 10® 

hydrogen 

163 

22. 9.39 

4.0 X )0* 

thiosulphate 

127 

S.12.39 

5.9 X 10® 

thiosulphate 

236 

27. 9.39 

5.0 X H)® 

— 

— 

11.12.39 

7.8 X 10® 

thiosulphate 

208 

3.10.39 

:t.l X 10® 

thiosulphate 

136 

12.12.39 

5.9 X 103 

tJuosulphate 

248 

4.10.39 

:i.7 X 10® 

thiosulphate 

123 

18.12.39 

5.9 X iO® 

thiosulphate 

178 

5.10.39 

3.7 X 10® 

thiosulphate 

104 

30. 1.40 

2.8 X 103 

hydrf)gen 

191 

5.10.39 

3.4 X 10® 

thiosulphate 

135 





10.10.39 

3,4 X 10® 

hydrogen 

122 







thiosulphate 

131 





21.10.39 

3.4 X 10® 

hydrogen 

187 


1 



Average 

3.7 X 10® 


137 



■■ 

204 

Relative 



1 





values 

64 


67 

■1 

100 


100 
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From Table V an argument in favour of this view may be derived. The transition point intensity 
of the donor-free ci^es appears to be lower for suspensions of starved cells than for those of non- 
starved cells. This is in agreement with the probably lower supply of cellular donors in the former 
cells. In Table V we have also collected the maximum rates of 
photosynthesis obtained with the same samples of cells in tlie pre- 
sence of a suitable donor. It was already remarked before that the 
treatment of starvation results in a decrease of this maximum rate. 

Table V shows that this decrease is of the same order of magnitude 
as the decrease in the transition point intensity of fluorescence. This 
suggests that also the intra-oellular donors are not present in a 
form, directly available to the photos jmthetic system but that their 
supply is controlled by an enzymatic system which is damaged by 
the starvation process to the same degree as the system controlling 
the maximal rate of photosynthesis in the presence of externally 
sui)plied hydrogen donors. This question has, how^ever, not yet been 
further investigated. 

In connection with this statement also the influence of tem- 
perature upon the S-shape may be understood from our conception. 

At low light intensities the rate of gas exchange is limited by a non- 
temperature-sensitive protjess. The supply of cellular donors, 
however, is probably controlled by a temperature-sensitive i)ro- 
cess. Therefore, at a given low light intensity at low temperature a 
smaller fraction of tlie total photosynthesis will run at the ex- 
pense of intra-cellular donors, causing an increased gas-exchange 
and thus a decrease in S-shape. 

The question now arises, whether the intensity range over 
which the S-shape is extended agrees with the intensity range at 
which in donor-free suspensions fluores(5ence shows the initial 
slope. Unfortunately we have recorded only in a few experiments 
gas exchange curves over a range of intensities together with 

donor-free fluorescence curves for the same cell material. Therefore we have collected all daia 
available from the whole of our experimental material and treated the matter statistically. 

We have introduced the intensity Is (fig. 34), obtained by extrapolating the linear part of the 
curve of gas exchange against incident intensity to the abscis, and also the value AA' which represents 
tile magnitude of the deficit in carbon dioxide taken up at a given intensity due to the rea8on(s) 
causing the S-shape of the curve. Although at present we are only inttn’esled in the value Is wo havi* 
ncluded both values in table VI. 



L ight inttnsUy 

Fig. 34. Scihome showing Is 
and AA'. related to the S- 
shape of the curve representing 
the relation between the rate 
of gas exchange and the in- 
tensity of incident light (8(‘e 
text). 


TABLH VI. 


Values of Is (in ergs/ciu- sec.) and of AA' (in ctnm (H^/hour) under varKais con 
ditions. Temj). 29° (c/. ahso fig. ;i4). 


Hydrogen donor 

ph 

Is 

AA' 

Number of ex- 
})ciimcnie 
averaged 

Kemark.s 

thiosulphate , . . 

6.3 

l.l 

X 

103 

13,5 

a 

starved 

thiosulphate . . . 

6.3 

1.2 

X 

103 

16 

11 

non- starved 

hydrogen 

6.3 

l.H 

X 

HF 

2(i 

8 

non -starved 

hydrogen 

7.6 

2.0 

X 

103 

24 

7 

non-starved 

thiosulphate . . . 

6.3 

5.5 

X 

103 

41 

5 

jiartial inhibition 







with urethane. 

hydrogen 

6.3 

8 

X 

103, 

40 

1 

partial inhibition 







wit NaNj. 


The following conclusions may be drawn. With thiosulphate the intenHity Is (the ext ension of 
the S-shape) is somewhat smaller than with hydrogen. For hydrogen there is no dist inct difference 
between its magnitude at ph (>.3 and 7.6. When both ph values were applied in the same experiment 
we found the S-region as a rule somewhat more extended at ph 7.6. A more important conclusion 
is that the intensity Is — which is obtained in experimontM with hydrogen donor added — is 
distinctly smaller than the transition point intensity of the fluorescen(‘(- curve in donor-free su?.- 
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pensions (c/. Table V). If nevertheless both phenomena are fundamentally due to the same cause, 
we must assume that the contribution of intra-cellular donors to photosynthesis decreases as 
soon as other donors are available, which appears well conceivable. 

The values AA' also represented in Table VI show analogous differences as the values Ig. 

Separately we have given the values Is and AA' obtained with suspensions poisoned with sodium 
azide or with ethyl urethane. We will see lateron (§§ 17, 18) that the S-shape of the gas exchange curve 
is then strongly increased which is reflected in the much larger values obtained for Ig and 
AA'. Although it is tempting to interpret this as a preferent inhibition of photosynthesis upon ex- 
ternally supplied hydrogen donors above that of photos 3 mthesis upon intra-cellular ones, we will see 
lateron that the fluorescence curves in these cases demonstrate that also other phenomena are in play. 

Concluding, we may say that certain features of the curves of gas exchange and fluorescence 
are in accordance with the assumption that intra-cellular donors play an important part in photo- 
synthesis at low light intensities. On the contrary the available evidence is not yet sufficient to 
consider this explanation as definitely preferent above other possibilities. A definite choice be- 
tween the explanation of the S-shape suggested by Wohl ^), and the one presented in this 
section, is not yet possible. 

The particular shape of the gas exchange curve renders the determination of quantum 
efficiencies open to discussion. A purely empirical standpoint would suggest to determine the 
quantum efficiency at a given point from the slope of the line connecting this point with the 
origin; in this way it is derived from the amount of chemical work done by a given amount of 
light. But in this way a constant quantum number cannot be obtained over the whole range of 
intensities in an experiment, and thus the determination becomes quite arbitrary. French l^) has 
decided to regard as the most reliable value the quantum efficiency resulting from the steepest 
part of the curve. If the tentative explanation of the S-shape of the curve, presented in this 
chapter, should be right, then the procedure of French would yield the efficiency of the process 
of photosynthesis with the externally supplied donor, and thus would indeed furnish the most 
rational answer to be obtained from the experiment. 

In the scope of the present investigation we have not especially studied the quantum 
efficiency, nor laid special stress upon the highest efficiency obtainable. We are aware of* the 
fact that our preceding contribution to this problem (^) has not yet sufficiently answered the 
question. No doubt there still remain various promising lines of attack, e.g., an investigation 
of the influence of quality and quantity of light during the development of the cultures. In 
the present paper we have investigated the bacteria under the best conditions formerly esta- 
blished, but not attempted to acquire a new insight into the factors determining the quantum 
efficiency. The optimal activity observed was about the same as recorded formerly. However, 
because our observations now extend to a greater variety of conditions, e.q., to as a hydrogen 
donor, and furthermore to ph 7.6, we thought it worthwhile to collect in Table YII quantum 
efficiencies recorded in a number of experiments under various conditions. 

The values lie within the same limits as those formerly obtained for good cultures of strain 
D, viz.y between 8 and 16 quanta per molecule of COg taken up. Apparently a distinct difference 
between the numbers obtained under various conditions as collected in the table, does not 
exist. The numbers obtained from the experiments with thiosulphate are not corrected for the 
extra chemical uptake of COg (^). As the values were obtained from gas uptakes of about 60 — 100 
cmm, these quantum numbers will have to be increased with about 10%, owing to this cor- 
rection (c/. (^)). 

Note added after preparation of the manuscript. 

Quite recently Franck and Gafpron (Advanc. in Enzymol. 1, 203 [1941]) have suggested that 
the rather low efficiencies obtained in our previous investigation (4), were only apparent, since a 
considerable dark metabolism should be present, a remark Gapfron made also some time ago (Ann. 
Rev. Bioohem. 8, 495 [1939]). In phosphate buffers, as used in our experiments, the gas exchange in 
the dark is much smaller tlian in bicarbonate solution. Especially in dilute bacterial suspensions, as 
used in the present investigation it is very small and in most cases it is less than 10% of the rate of 
photosynthesis under light saturation. Therefore, we do not believe that auto-assimilation has in-* 
terfered to a large extent with our measurements. 
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TABLE VII 


Quantum numbers obtained from experiments under various conditions. 


Date 

Donor 

ph 

Temp. 

Quantum number 
(quanta/mol. of 
COj assimilated) 

Average 

23.6. *38 

thiosulphate 

6.8 

29" 

10.4 


23.6. *38 




12.4 


9.8. *38 




10.8 


16.8. *38 




11.3 


8.12. *39 

a 



9.3 

10.9*) 

11.12.’39 




13.8 


12.12.*39 




11.8 


15.12.*39 




11.0 


18.12.*39 




9.8 


19.12. *39 




9.8 


19.12.*39 




11.8 


24.1. *40 

»» 



8.5 


14.12.*39 

thiosulphate 

6.3 

19° 

12.8 

— 

24.11. *39 

hydrogen 

6.8 

29° 

12.8 


1.12. *39 

91 

99 


10.4 


80.1. *40 

99 

99 


11.3 

11.4 

31.1. *40 

99 



9.8 


21.6. *40 

99 

99 


16.0 i 


28.6. '40 

99 

99 


8.5 ' 


29.5. *40 

99 

99 

BIB 

10.8 


21.6. *40 

hydrogen 

7.6 

29° 

15.4 


28.5. *40 

it 

ft 


12.8 


5.6. *40 




12.4 

12.6 

13.6. *40 

if 

1 ” 


12.4 


19.6. *40 

ft 

ft 


10.6 


10.7. *40 

ft 

ft 

ft 

12.1 


10.7. *40 

hydrogen 

7.6 

22" 

12.1 

— 


*) To be increased with about 10% (see text). 


Chapter Y. 

On agents influencing the rate of photosynthesis, either by their 
action upon the issue of the activated energy acceptor from 
the energy transfer system, or by competition with the normal 

energy acceptors. 

§ 13. Introduction. 

In this chapter we will report on the study of some agents which have a marked influence 
upon the rate of photosynthesis, but which are not specifically connected with the transfer of 
energy from hacterio-chlorophyll. This is expressed by the fact that their action upon fluores- 
cence is much less pronounced than their influence upon gas exchange, and that both actions 
do not run parallelly. Examples of this type are, c.gf., limited supply of carbon dioxide and the 
ftction of certain specific poisons like hydroxyl amine and cyanide. 
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At very high concentrations these poisons exert still another influence, viz., they appear 
to compete with the normal energy acceptor at the transfer system, and to be able to accept 
energy from bacterio-chlorophyll. This accepting capacity is much more pronounced in the 

case of the general inhibitor urethane. Sodium azide 
behaved much like urethane, a fact that is perhaps 
somewhat remarkable. Hydroxyl amine and cyanide 
at the one hand, and azide and urethane at the other 
hand form in many respects two groups, though in 
some other properties there is a continuity in the 
sequence mentioned. 

Also limited supply of carbon dioxide and addition 
of specific poisons like hydroxyl amine and cyanide 
do not leave fluorescence quite unaltered, but this 
influence may be considered as an indirect one, and 
caused by a decreased removal of activated energy- 
acceptor from the transfer system. The effect in 
question is due to a decreased rate of the process 
consuming the activated energy acceptor. 

§ 14. The influence of carbon dioxide. 

a) The influence of carbon dioxide on 
gas exchange. It was already mentioned that the 
gas exchange was very small in the cases that no 
hydrogen donor was supplied. This proves that the 
cells do not contain or produce appreciable amounts 
of substances that are photochemically dehydro- 
genated under gas exchange. Other dehydrogena- 
tion processes also seem not to occur on a. large 
scale in the bacteria under the conditions of our ex- 
periments, as the gas exchange in the dark does not 
reach a considerable value. So neither much COg is produced, and thus we may expect 
that also the external supply of COg is an important factor in the velocity of photo- 
synthesis. Indeed, if COg was omitted, only very low values of photosynthesesis were 
observed, as may be seen from fig. 35. 

When carbon dioxide is added in various in- 
creasing small amounts, the rate of photosynthesis 
is proportional to the amount supplied, as far as 
small amounts are concerned. Contrary to what 
has been observed with hydrogen, already at ca 
400 cmm COg per vessel (== ca 2%) saturation 
becomes apparent (c/. fig. 86). This is probably 
chiefly due to the much larger solubility of car- 
bon dioxide, so that already at a low pressure a 
rather considerable concentration is at the disposal 
of the bacteria in the solution. Furthermore it 
must be taken into account that the bacteria use 
2 molecules of Hg for 1 molecule of COg. It may 
be mentioned that Fbenoh l®) found under the 
conditions of his experiments saturation with carbon dioxide at 4% external pressure. 

Just as in the case of limited supply of hydrogen donor it lay at hand to ask in what way 
carbon dioxide limitation interferes with light limitation. Fig. 37 gives an experiment, which 
shows curves simultaneously determined at 8 light intensities each, for 5% carbon dioxide 
and for ca 1 % carbon dioxide. The hydrogen donor was thiosulphate, ph 6.8, temp. 28®. 



lOO 200 300 400 500 

Quantity of COgyCesse' in cmm 

Fig. 36. Influence of COj upon the rate of 
photosynthesis (H, 16%, ph 6.3, 29®, high 
light intensity). Exp. of 19. 10. *39. 



P'ig. 36, Influence of COj upon the rate 
of photosynthesis (Hj 16%, ph 6.3, 
29®). Exp. of 30.1.’40. 
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The curves are of the same type as those found for 
donor limitation; at low light intensities the influence 
is much less marked than at high ones. The influence of 
COj-limitation on fluorescence, however, will show 
that quite another mechanism is active than in the 
case of donor limitation. 

b. The influence of carbon dioxide on 
fluorescence. In fig. 88 curves of fluorescence against 
incident intensity for suspensions without externally 
supplied hydrogen donor, with and without carbon 
dioxide, are presented. They are identical within 
the limits of experimental error. 

In fig. 39 the influence of COg in the presence of 
thiosulphate at 29^, ph 6.8, in a suspension in which 
photosynthesis was totally inhibited by cyanide, is 
shown. Also here the fluorescence curve is the same 
with and without CO 2 . 

In fig. 40 fluorescence curves are compared for 
suspensions with thiosulphate at 29®, ph 6.3 with and 
without carbon dioxide. They are similar but not 
identical. For low intensities they coincide, for 
medium intensities the curve related to the case 
without COg nins higher, for high intensities it runs 
lower than the curve obtained with COg. In this 
figure the point of intersection of both curves lies 



Fig. 37. Influence of CO, upon the rate 
of photosynthesis (thiosulphate 1 % , 
ph 6.8, 29°) Exp. of 4.1.’40. 


within, sometimes it lies beyond the range of incident intensities applied. If various 


doses of carbon dioxide are applied, intermediate curves are recorded. 


In fig. 41 the influence of addition of carbon dioxide is shown in the presence of hydrogen 



Fig. 38. Influence of CO, upon the in- Fig. 89. Influence of CO, upon the in- 
tensity of fluorescence in the absence of tensity of fluorescence in the presence 

a hydrogen donor (ph 6.8, 29°). Exp. of of cyanide (thiosulphate 1%, ph 6.8, 

18.12.*89. 29°, KCN 0,0167%) Exp. of 6.3.’40. 
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as a donor, at 29^, ph 6.8. The description given above of the curves obtained with thiosulphate 
also holds here. 

From the experiments reported we may conclude that the influence of carbon 
dioxide upon fluorescence is of another type than the influences of 
hydrogen donor, temperature and ph. 

c« Discussion. The influence of carbon dioxide on gas exchange manifests itself in 
the same way as the influences of the hydrogen donor, the temperature and the ph, discussed 
in Chapter IV. The influence upon fluorescence however indicates that another mechanism is 
active. The experiments with donor free suspensions with and without carbon dioxide (o/. fig. 88) 
lead to the conclusion that carbon dioxide as such has no influence upon the transfer of energy 
from bacterio-chlorophyll, contrary to what was shown for the hydrogen donors. 




The question arises which circumstance is then responsible for the difference in fluores- 
cence curves observed in the presence of donor, with and without CO 2 . We explain this with the 
aid of the difference in the rate of assimilation. 

Hereto we must consider the occupation of the places of the transfer system. In principle 
these places are either empty, or occupied by the energy acceptor ready for acceptance, or by 
the energy acceptor which has not yet got rid of its previously accepted energy (activated 
acceptor). The rations of these three possible states determine the probability of energy transfer, 
hence the yield of fluorescence. Both many empty places, and many places occupied by activated 
energy acceptor give rise to a high fluorescence. 

1) At low light intensities the capacity of the system of donor transformation is sufficient to 
avoid practically the occurrence of empty places at the transfer system. The number of places occu- 
pied by activated acceptor molecules is also very small both in the presence and in the absence of 
carbon dioxide. The condition herefor is that the next quantum will arrive into the same active com- 
plex long after the activated acceptor molecule has got rid of its energy of act vation. The state of 
activation may be annihilated either by transfer of ener^ to the process of carbon dioxide assimila- 
tion, or in some other way, the latter requiring a longer time than the former. If the light intensity is 
low enough, the condition can be fulfilled also m the absence of carbon dioxide. The absence of empty 
places and of places occupied by activated acceptor both with and without carbon dioxide means 
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that at low light intensities the intensity of fluorescence is the same in both cases : 1 i m i t a t i o n of the 
transfer process by the number of quanta absorbed. 

2) At medium light intensities, the capacity of the system of donor transformation is still 
sufficient to prevent the occurrence of many empty places at the transfer system, both with and 
without COg. However, the number of activated acceptor molecules, present at the transfer system 
when the next quantum is absorbed in the same active complex, will increase with increasing intensity 
and will become of the same order of magnitude as the number of non-activated acceptor molecules ♦). 
The increase of this number is much more pronounced in the absence of COg than in its presence, since 
in the former case the activated acceptor has a smaller probability per miit of time to loose its energy. 
Hence in the absence of COg there are more activated acceptor molecules present at the transfer 
system, and hence the number of places ready to accept energy from the bac.terio-chlorophyll decreases . 
Thus the concentration of excited bacterio-chlorophyll, present in the stationary state of illumination, 
is increased , yielding also a higher intensity of fluorescence : limitation of the transfer process 
by the number of places ready to accept energy. This situation may he denoted as a 
coupling of the transfer system and the pro cesses consuming carbon dioxide. 

3) At high light intensities the capacity of the system of donor transformation will become a 
limiting factor. But, due to the consumption of more energy acceptor in the presence of COg than in 
its absence, in the former case the supply of hydrogen donor to the transfer system will become limi- 
ting for the energy transfer already at lower intensities. 

We have to realize here that also when no appreciable photosynthesis proceeds, the hydrogen donor 
nevertheless comes into play (§ 8). However, van Niel 8) proved the stoechiometric relation between 
the consmnption of hydrogen donor and the reduction of carbon dioxide, which for experiments of 
short duration also follows from the literature mentioned in (18), and from our experiments discussed 
there. We therefore have to assume that when COg is absent, the activated acceptor molecules at the 
transfer system ,, waste” the energy received, and directly or after a short intermediate, will become 
reconverted into no n-e xcited ones which again are ready to accept a quantum. So, in the 
absence of COg, more acceptor ready to accept energy, is present at the transfer system. Thus the 
supply of energy acceptor to the transfer system consists of two parts, namely one produced by 
the system reaching with the hydrogen donor, and one resulting from a simple sort of energy waste 
of the excited acceptor molecules. The sec^ond way becomes especially important in the absence of 
COg and then causes that the surface of transfer will have more places occupied by acceptor mole- 
cules which are ready to accept energy. Hence the concentration of excited bacterio-chlorophyll, 
present in the stationary state of illumination will be lower in the absence of COg. This means that ar 
high light intensities fluorescence is lower in the absence of COgi limitation of the transfio’ 
process by the supply of energy acceptor. 

A support for the conclusion that the influence of COg upon fluorescence is an indirect one, is 
furnished by the fact that with totally inhibited photosynthesis no influence of carbon dioxide 
is observed (fig. 39). 

In § 8 the possibility was left open, that the reaction of limited capacity, leading to a de- 
creased energy transfer was a reaction at the transfer system, following the acceptation of 
energy. Then, however, one camiot imagine, that the absence of COg, which also can only impede 
the issue of the reaction products from the transfer system, should cause a decrease of fluores- 
cence at high light intensities. Hence the supposition of a limiting reaction at the 
transfer system, following the transfer of energy, is not consistent with 
the experimental data. 

An important conclusion may still be drawn from the difference in influence of hydrogen do- 
nors and carbon dioxide upon fluorescence. "We have seen that the addition of a hydrogen donor 
as such facilitates the transfer of energy, also when the process of photosynthesis is limited by lack 
of carbon dioxide (§ 8). On the other hand the addition of carbon dioxide does not influonc.e the 
energy transfer directly. The effect of addition of carbon dioxide observed in the presence of a 
hydrogen donor reflects the linkage of the transfer system with dark systems not directly in- 
volved in the energy transfer. This on the other hand furnishes additional evidence for a concep- 
tion including a transfer of energy, which is influenced by the supply of hydrogen donor. When 
namely also the effect of hydrogen donor upon fluorescence wore merely due to the fact that it 
allows photosynthesis to proceed, it would not be observable when CO 2 was absent. Besides 

*) This implies that the time, required to refill an empty place at the transfer system by an 
acceptor molecule is short as compared with the life time of activated acceptor molecules at the 
transfer system. It means that the acceptor molecules store their energy in some metastable form of 
potential energy, of much longer lifetime than occurring in common excitation (c/. also Wohl24)), 
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Fig. 43. Influence of cyanide upon the 
rate of photosynthesis (CO, 6%, thio- 
sulphate 1 % , ph 6.3, 29®). Exp. of 23.6.*3B. 



Fig. 44. Influence of cyanide upon the 
rate of photoeynthesis (00, 5%, thiosul- 
phate 1%, ph 6.8, 29®). Exp. of 28.6.'88. 
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this, the addition of donor in the presence of CO 2 would have the same effect as the addition of 
COg in the presence of donor, which is contrary to the experience. Therefore, as was already 
preliminarily remarked in § 8, the influence of the hydrogen donor upon fluorescence cannot 
merely be explained by a coupling between the energy transfer from bacterio-chlorophyll and sub- 
sequent dark processes, an explanation which was indicated with respect to the influence of C 02 - 


§ 15. The inQuence of potassium cyanide. 


a. The influence of KCN on gas exchange. As is known, Warburg found the 
sensitivity of photosynthesis to KCN to be a property of the Blackman -reaction, since photosyn- 
thesis at low light intensities was insensitive to cyanide, whereas at high intensities it was 
strongly sensitive. 


Contrary to the situation in green plants, in which 
the influence of cyanide is well known, not much is 
known regarding its action upon photosynthesis of 
purple sulphur bacteria. Gaffron®) has published 
some observations on this matter; however, he met 
with complications, presumably owing to reactions 
between sulphur compounds and cyanide. Under the 
conditions of our experiments no special difficulties were 
encountered in the study of the influence of cyanide. 



o aoo5 0,01 o,o \5 ao 2 ®/o 

Concentration of KCN 



Fig. 46. Influence of cyanide upon the Fig. 47. Influence of cyanidt^ upon the 

rate of photosynthesis (OO 2 5%, thio- rate of photosynthesis (CO 2 5%, 

sulphate 1%, 29®, high light intensity). , 80%, 29®, high light intensity). Kxp. 

Fxp. of 7.5. *40. of 27.6. ’40. 


The sensitivity to KCN in relation to light intensity was generally found of the same type 
as in Chhrella. (figs. 42—45). However, especially with thiosulphate as a hydrogen donor a 
decrease in rate was always observable also at low light intensities (figs. 42 — 44); with 
hydrogen the inhibition at low light intensities was found to be very small (fig. 45). 

The relation between inhibition and cyanide concentration at high light intensities (figs. 
46, 47) was of the same type in the presence of these two donors, a steep decrease occurs 





already with very small concentrations (ca 0.006% KCN), whereas at ca 0,0167% photo- 
synth^s is totally inhibited. The curves indicate that there is no concentration range in 
which no inhibition occurs. Especially with thiosulphate there is a marked difference between 
the inhibition at ph 6.8 and at ph 7.6. At ph 7.6 the curve runs much smoother. Perhaps this 
is connected with the fact that the system reacting with the hydrogen donor shows a reduced 
activity towards thiosulphate at this ph (§ 10). On the other hand one might be inclined to con- 
nect it with the reduced concentration of free HCN at higher ph. This explanation however is con- 


tradicted by the observation that the inhibition of pho- 
tosynthesis with hydrogen as a donor shows the same 
relation to cyanide concentration at ph 6.8 and 7.6. 

Moreover the often stated assumption that cyanide 
chiefly works in the form of HCN is in our opinion 
not strictly proved, at least not in the case of photo- 
synthesis. just as there is evidence that the carbon dio- 
xide available from a buffer solution is not restricted 
to the free acid (Emerson and Green 26)). 



Concentrition of KCN 



Fig. 48. Comparison of the influence of 
cyanide upon the rate of photosynthesis 
in presence of hydrogen with that in 
presence of thiosulphate at ph 7.6 (CO, 
6%, 29°, high light intensity). Kxps. of 
various dates. 


Concentration of Hg 

Fig. 49. Influence of cyanide upon the rate 
of photosynthesis at various concentra- 
tions of hydrogen donor and at different 
temperatures (CO* 6%, Hj, ph 7,6, high 
light intensity). Exp. of 11. 7. *40. 


In fig. 48 data of several experiments at ph 7.6 have been collected. They suggest that 
at doses of KCN higher than ca 0.001% the rate of gas exchange is only dependent on the 
KCN-concentration and independent of the donor. 

Pig. 49 represents an experiment, showing at the same time donor, temperature and cyanide 
influences. The curve (O) represents the rate of photosynthesis at 29.6° with 8 different hydrogen 
concentrations; the highest one is 16%, equal to about 3000 cmm per vessel. In this experiment 
this concentration still lies more or less in the range of donor limitation. The curve (□) shows 
the temperature influence for two of the concentrations: it is very marked only in the case of the 
high one. With the low concentration so little „substrate” (donor) is supplied to the enzyme 
reacting with it that this amount of substrate can fully l)e converted by the enzyme capacity 
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lr'cid*nt int*naity in •rgs/em*s«c. hcfdvnt int«n»ity in 


Fig. 50. Influence of cyanide upon the 

intensity of fluorescence in absence of a Fig. 51. Influence of cyanide upon the 

hydrogen donor (CO, 6%, ph 6.8, 29®). intensity of fluorescence (CO, 5%, H, 

Exp. of 10.7.*40. 15%, ph 6.3, 29°). Exp. of 4.12.’39. 



Incidvnt mttntity in trg$^m*sec 

Fig. 52. Influence of cyanide upon the 
intensity of fluorescence (CO, 5%, thio- 
sulphate 1%, ph 6.3, 29®). Exp. of 4.3. '40. 



O I 2 3 lO"* 

Incident intensity in srgs/cnfssc 


Fig. 53. Combined influence of carbon 
dioxide and cyanide upon the intensity 
of fluorescence (thiosulphate 1%, ph 6.3, 
29°). Exp. of 5.3.’4(). 
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at the low temperature. The suspensions in equilibrium with a low external hydrogen pressure 
are not sensitive to KCN, neither at 29.5** (A) not even at 22.5** (V)* indicating that the supply 
of hydrogen to the cells still limits the rate of photosynthesis. For the high concentration 
of hydrogen we have no data in presence of KGN at 22.5^. 

b. The influence of KCN on fluorescence. The influence of KGN in various 
amounts upon the curves of fluorescence against incident intensity is rather complicated and 
dependent upon ph, presence of GO 2 , hydrogen donor and other factors. 

A simple behaviour is observed when no donor is supplied (fig. 50). In this case the curves are 
hardly influenced by KGN up to a dosis of ca 0.0167% . For still higher doses of KGN we notice that 
the curves become straighter and that fluorescence for high light intensities is strongly decreased. 

In the presence of hydrogen donor the effect of KGN resembles much the effect produced 
by omission of carbon dioxide: in first instance it is again due to the inhibition of dark systems 
not directly connected with the energy transfer. This can be illustrated by figs 61 and 62 
showing the influence of KGN in doses causing partial and just total inhibition of gas 
exchange. The same features are observed as when GOg is omitted (c/. figs. 40, 41). 

If indeed the two curves differ merely due to the fact that photosynthesis proceeds, one 
will expect that the curves for a suspension containing no carbon dioxide and no cyanide, and 
those for a suspension containing carbon dioxide and a suitable amount of cyanide will be the 
same, as is actually seen in fig. 53. 

Series including also higher concentrations of cyanide are represented in figs 54 — 57. Figs 64 
and 65 deal with the influence of various concentrations of cyanide in the presence of thiosul- 
phate as a donor, at ph 6.8 and 7.6; in figs 56 and 57 the same is shown with hydrogen as 
a donor. In both cases all concentrations of cyanide have the tendency to give straighter curves 
than without cyanide; the values for high light intensities are decreased. At low concentrations 
of cyanide the initial slope is hardly changed; at high concentrations it is changed appreciably 
(c/. also figs 51 and 52). 

c. Discussion. The influence of cyanide upon gas exchange is much the same as that in 
green plant cells; the effect is comprehensible on the assumption that cyanide chiefly acts upon 
a dark process. 

The fluorescence measurements in suspensions without hydrogen donor have shown that 
concentrations of cyanide up to 0.0167% do not influence the transfer of energy from the 
bacterio-chlorophyll. The last mentioned concentration causes about total inhibition of photo- 
synthesis. 

In the presence of a hydrogen donor and of carbon dioxide, so when photosynthesis can 
proceed, these concentrations cause a decrease of fluorescence at high intensities. We explain 
this in the same way as in the case of a limited supply of carbon dioxide (§ 14), viz,, by assuming 
that, due to inhibition of the reaction of the activated acceptor with GO 2 by the poison, the trans- 
fer system becomes „empty” only at a higher light intensity than with non-inhibited reactions. 
For, if cyanide inhibited in first instance the system, reacting with the hydrogen donor, fluores- 
cence would increase. 

Goncentrations of cyanide above 0.0167% influence fluorescence in the absence of a hy- 
drogen donor in a way similar to the action of a hydrogen donor itself. We have to assume here 
that indeed cyanide in high concentrations occupies the surface of the transfer system and 
accepts energy itself, as we will also see for a number of other poisons. This view is supported 
by the fact that the fluorescence curve in the presence of a hydrogen donor is strongly straigh- 
tened by high cyanide concentrations. The initial slope is as a rule increased, showing that the 
accepting capacity of cyanide is lower than that of the donor present. This also explains the at 
first sight somewhat strange sequence of the curves: from concentration zero upwards, the cur- 
ves lie lower due to the influence of the inhibition of photosynthesis; beyond a certain concen- 
tration they begin to rise again because the „better*' energy acceptor, derived from the donor, 
begins to undergo appreciable competition from the „worse’’ energy acceptor KCN. At still 
hi^er concentrations of KGN a small decrease of fluorescence is sometimes again observed, 

we oamot explain. Of course, it is (juite jposeible that lot hi^ QOQ<jQatlfttilQD& ot 




PHOTOfiTNTHESIB AND FLUOBB80EN0E OF BAOTEBIO- CHLOROPHYLL IN THIORHODACEAE 829 




Fig. 64. Influence of cyanide upon the 
intensity of fluorescence (COj 5%, thio- 
sulphate 1%, ph 6.3. 29°). Exp. of 7.5. ’40. 


Fig. 55. Influence of cyanide upon llir 
intensity of fluorescence (CO* 6%, thio- 
sulphate 1%, ph 7.6, 29°). Exp. of 7.5. ’40. 



Fig. 56. Influence of cyanide upon the 
intensity of fluorescence (COj 6%, 

907o. ph U, ‘Eaip. ol 





big. 57 . Jnihierue at cyanide upon ..... 
intensity of fluorescence (CO^ 5%, 
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cyanide finally also the system transfonning the hydrogen donor will gradually become inhibited. 

As already remarked, the observations on fluorescence suggest that the sensitivity to cyanide 
must in the first place be sought in a system different from that, reacting with the hydrogen 
donors. In §§ 8 — 10 it was mentioned that the latter S 3 rstem may well be considered to be respon- 
sible for light saturation under various conditions. In these cases it is unexpected that low 
concentrations of cyanide already show a distinct inhibition of the maximum rate of photo- 
synthesis. If cyanide acts upon another enzyme-system, not limiting in the normal cases, it 
would be expected that certain low doses did not show an observable inhibition. The same 
situation was also found with other inhibitors e,g, hydroxyl amine (c/. § 16). 

The situation points to the conclusion that the capacities of the donor transforming and the 
cyanide sensitive system as a rule are of nearly the same magnitude. However, under different 
conditions appreciable shifts between the relative capacities of the two systems may take place. 
At ph 7.6 with hydrogen as a donor the rate of photosynthesis is very much affected by low 
concentrations of cyanide, whereas with thiosulphate as a donor the sensitivity to low concen- 
trations of cyanide is much smaller (fig. 48). For higher concentrations of cyanide the remaining 
rate of photosynthesis is much the same in both cases. Along the line of thought followed this 
suggests that at ph 7.6 in the presence of hydrogen the cyanide-sensitive system is the most 
important limiting factor at high light intensities, whereas in the presence of thiosulphate the 
same holds for the donor transforming system. At ph 6.8 an intermediate position between these 
extremes seems to occur in the presence of both donors. 

If one does not wish to a(5cept this argumentation one may also look for an explanation for the 
observations by considering the back reactions in the course of the process. An appreciable fraction 
of the absorbed energy in annihilated (cf. § 12). We will assume that the activated acceptor, to be sym- 
bolized bij „H” (cf. also § 26), can react either with a system bearing CO^i, or undergo a back reaction. 
The relative amounts of going into the one or into the other direction will be determined by the 
„affinities** at both sides. The number of back reactions is dependent on the concentration of the 
relatively oxidized remainder of the acceptor, to be symbolized by and of „H**, that of reactions 

with the CO, -complex may be connected with its number of free places. This picture would allow to 
understand that at low light intensities no appreciable loss of energy occurs owing to back reactions, 
whereas partial inhibition of the CO, -system, though not limiting in the ordinary sense, might decrease 
the chance for „H** to react with this system, and thus increase the number of back reactions, an ef- 
fect which will be observed as an inibition of the rate of photosynthesis. 

It may be remarked in this connection that Gafpron 27. 27a) has presented evidence for the 
occurrence of oxidative back reactions in photosynthesis of green organisms. Such reactions have been 
postulated to occur on a large scale in theoretical considerations regarding the general mechanism of 
photosynthesis by Franck and Herzfeld 28). In our opinion in the last mentioned considerations the 
importance of these phenomena has, however, been largely overestimated. 

It may be asked whether the two systems or enzymes reacting respectively with the hydrogen 
donors and with CO 2 . may not better be considered as a tightly linked complex, resposible for 
both reactions. However, in our opinion the described behaviour of the fluorescence is so charac- 
teristic that one cannot escape the conclusion that two different types of 
„Blaokm AN-ef f ects” have to be distinguished, existing separately at each 
others side. 

§ 16. The influence of hydroxyl amine. 

a. The influence of hydroxyl amine *) on gas exchange. As nothing was 
known regarding the concentration range to be applied, in the first place experiments were perfor- 
med to establish a range of suitable concentrations. At each concentration fluorescence was 
measured in a range of intensities. In the measurements on gas exchange, however, only one high 
light intensity was applied to each vessel. From figs 58 — 60 it is seen that both with thiosulphate 
and with hydrogen at ph 6.8 and at ph 7.6 the range of partial inhibitions extends from 0 to 
ca 0.5%. Just as with cyanide, already the smallest applicable doses show an appreciable inhibi- 

Hydroxyl amine was used as its hydrochloric salt, NH,OH.H01. The concentrations mentio- 
ned are calculated on the basis of this salt. 


Optakt of H2+CO2 in cm 
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tion; the form of the curve gives no indication for 
the existence of a concentration range not yet 
causing inhibition. 

Fig. 61 represents an experiment in which 
the influence of a concentration of hydroxyl amine, 
giving ca. 50% inhibition at our highest light inten- 
sity, was also studied at lower intensities, parallelly 
with non-inhibited samples. The curve has a pro- 
nounced BLAOKMAN-type, with hardly any inhibi- 
tion at low light intensities. So the action of 
hydroxyl amine appears still more selective for the 
non-photic reactions than the action of KCN. 
A drawback of working with hydroxyl amine, 
however, was the considerable increase of inhibition 
with time, mostly observed; apparently the cells do 
not stand well the hydroxyl amine. 

b. The influence of hydroxyl amine 
on fluorescence. Fig. 62 shows that in the 
absence of a hydrogen donor, up to concentrations 
of 0,5% hardly any influence upon fluorescence 




s observed. The experiment was perfor- 
med at 29® and ph 6.8. 

Fig. 63 shows the influence of hydro- 
xyl amine in the presence of hydrogen at 
29®, ph 6.3. In concentrations up to 0.06% 
only a small influence is observed; just 
as with cyanide it consists in a certain 
straightening of the curves, yielding 
higher values at medium light intensities, 
lower ones at high intensities. For higher 
concentrations the whole curve of fluores- 
cence against incident intensity lies higher, 
which is especially marked at the highest 
concentration used, m., 0,5%. The diffe- 
rence with the behaviour observed in the 
suspension without donor is obvious. 

Fig. 64 shows the same experiment 
at ph 7.6. No essential differences between 
this set of curves and that at ph 6.3 are 
present. A still higher concentration, 
viz., 1% is applied, yielding a still higher 
course of the curve. 

Finally in Fig. 65 we present the flu- 
orescence observed in the experiment, the 
gas exchange of which has been represen- 
ted in Fig. 61. The inhibition of ca. 60% 
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observed in the gas exchange at 
the hipest intensity causes hardly 
any change in fluorescence. 

c. Discussion. The ob- 
servations reported show that 
just as cyanide and carbon dio- 
xide, hydroxyl amine influences 
gas exchange and fluorescence 
differently. At high light intensity 
in the presence of a hydrogen 
donor the rate of gas exchange 
continually decreases with in- 
creasing concentration of the 
poison: the fluorescence at first 
slightly decreases, then increases. 

The observations on fluores- 
cence in the donor-free suspension 
show that the poison, at least in 
the concentrations applied, does 
not directly interfere with the 
energy transfer. 

In the behaviour of fluores- 




Fig. 61. Influence of hydroxyl amine 
upon the rate of photosynthesis (CO. 
5%,Hjl5%,ph 7.6, 29°).&p.of 6.6.’40. 


Fig. 60. Influence of hydroxyl amine upon the rate of 
photosynthesis (COj 5%, thiosulphate 1%, ph 6.3, 29°, 
high light intensity). Exp. of 6.6. *40. 



Fig. 62. Influence of hydroxyl amine 
upon the intensity of fluorescence in the 
absence of a hydrogen donor (CO, 5%, 
ph 6.3, 29°). :&p. of6.6.*40. 






PHOTOSYNTHBSIS AND FLUORESCENCE OF BACTERIO’CHLOROPHYLL IN THIORHODACEAE 88B 




Fig. 63. Influence of hydroxyl amine upon 
the intensity of fluorescence (COj 5%, 
15%, ph 6.3, 29°). Exp. of 4.6.’40. 


Fig. 64. Influence of hydroxyl amine upon 
the intensity of fluorescence ((XI 2 5%, K, 
15%, ph 7.6, 29°). r]xp. of 4.0.’40 


cence in the presence of a hydrogen donor apparently at least two types of influences are 
reflected. The changes in fluorescence at low concentrations are only slight, and, as in the case 
of cyanide they are the result of the indirect influence upon the energy transfer, caused by 
inhibition of the system, active in the reduction of carbon dioxide. The relative constancy 
of fluorescence in connection with the appreciable 
inhibition of gas exchange, shows that hydroxyl 
amine does not primarily inhibit the dark system 
supplying the transfer system with energy acceptor. 

In the appreciable increase of fluorescence at 
higher concentrations another influence becomes 
evident. This effect just becomes visible at ca. 

0.05% of hydroxyl amine with hydrogen at ph 6.3, 

29° (fig. 63); at this concentration the gas exchange 
is already inhibited for 60% (fig, 58, same experi- 
ment). This proves that the influence under discus- 
sion is not the primary cause of the inhibition of 
gas exchange. 

In further analogy with cyanide, one is inclined 
to assume a direct influence of the hydro3Qrl amine 
upon the transfer system, which leads to an impeded energy transfer owing to a competition 
between the poison and the normal energy acceptor. On the other hand, however, the influence of 
high concentrations of hydroxyl amine upon fluorescence may be explained just as well by assuming 
that hydroxyl amine then inhibits the system, transforming the hydrogen donor into energy acceptor, 

A comparison of figs 62 and 63 shows that in the presence of hydrogen the fluorescence curve is 
markedly raised by 0.5% hydroxyl amine, indicating that the transfer of energy is impeded. In the 
absence of a hydrogen donor the curve is hardly changed by 0.5% hydroxyl amine. 

These phenomena can be explained along both ways suggested above. The similarity in effect of 
hydroxyl amine and of cyanide, observed in other r^pects, speaks in favour of the first explanation. 
Pig. 62 would then suggest that the energy accepting capacity of hydroxyl amine is about the same as 



Fig. 65. Influence of hydroxyl amine upon 
the intensity of fluorertr-euce (CO 2 5%, Ifj 
15%, ph 7.6, 29°). Exp. of 5.6.’40. 
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that of the donor free transfer system* On the other hand the shape of the inhibition curves for fluores- 
cence, especially as shown in fig. 63, also renders the second explanation well acceptable. 

It seems reasonable to suppose that in this case, as well as for other poisons in high concen* 
trations, the actual behaviour of fluorescence is determined by a cooperation of influences exerted 
on various systems involved in the process of photosynthesis. A classification of different 
poisons is only possible according to their influence in low concentrations on gas exchange and 
fluorescence. It is evident that on this basis hydroxyl ainine and cyanide belong to the same group. 


§ 17. The influenee of sodiam azide. 

a. The influence of sodium azide upon gas exchange. Figs 66 and 67 show 
the range of concentrations of sodium azide, causing partial inhibition in the presence of hydro- 
gen at ph 6.8 and ph 7.6. At ph 6.8 the inhibition curve appears to be somewhat steeper than at 

— ph 7.6 but the difference is not very large. Above ca 

0.167% NaN 3 , photosynthesis is totally inhibited. 
^ Fig. 68a shows an experiment in which some 


BOO 


500 



Concentrution of Na^43 

Fig. 66. Influence of sodium azide upon the 
rate of photosynthesis (CO, 6%, H, 16%, ph 
6.3, 29®, high light intensity). Exp. of 29.6. '40. 



O 0.1 0,2 Ob3 0^ 0^5 o/r. 

Conctntratlon of N9N3 

Fig. 67. Influence of sodium azide upon 
the rate of photosynthesis (COj 6%, H* 
16%, ph 7.6, 29®, high light intensity). 
Exp. of 30.5. '40. 


more observations have been made in the region of low concentrations. As the highest 
intensity available was not equal for all vessels, a correction on the basis of the curve 
representing the non-inhibited photosynthesis against light intensity (fig. 68) has been applied. 

Fig. 69 shows the inhibition curve in the presence of thiosulphate at ph 6.3. Under these condi- 
tions the cells proved to be much more sensitive to azide; already 0,025% caused total inhibition. 

Fig. 70 shows an experiment (hydrogen, 29°, ph 6.3) in which the influence of a concentration 
of azide, causing about 60% inhibition at the highest light intensity, was examined also at lower 
intensities, in comparison with the non-inhibited photosynsthesis. The influence is much dif- 
ferent from that observed with cyanide and with hydroxyl amine. Whereas these compounds,, 
especially hydroxyl amine, caused hardly any inhibition at low light intensities, the inhibition 
by azide is especially very pronounced at low li^t intensities (fig. 70a), and thus increases the 
S-shape of the curve. 
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Fig. 68. Influence of sodium azide upon 
the rate of photosynthesis (CO 2 5%, 
Hj 16%, ph 6.8, 29°, high light intensi- 
sities). Exp. of 28.6. '40. 


Pig. 68a. Influentje of sodium azide 
upon the rate of photosynthesis, derived 
from fig. 68 for incident intensity = 
2.8 X 10* ergs/cin^sec. 


\ 


\ 
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b. The influence of sodium azide on fluoresce. ice. 
of sodium azide at 29°, ph 6.3, in the absence of a hydrogen donor, 
seen with cyanide and hydroxyl amine, a marked 
influence is present. It manifests itself in two ways. 

Low concentrations of azide cause a decrease of 
the fluorescence at high light intensities, of the 
same type as was found with the supply of limited 
amounts of hydrogen donor. High concentrations 
cause a straightening of the curve with a marked 
increase of fluorescence at low light intensities. 

Pig. 72 shows the influence of sodium azide 
in the presence of hydrogen under the same fur- 
ther conditions as above. The set of curves is 
similar to those obtained without hydrogen 
donor. A remarkable new feature is the appreciable 
increase of fluorescence, observed at low and me- 
dium light intensities with rather low concentra- 
tions of the poison. 

Pig. 73 shows the analogous experiment at 
ph 7.6. Apart from certain relatively small quan- 
titative differences the general aspect is the 
same as at ph 6.3. 

c. Discussion. Pig. 71 shows that the 


Pig. 71 shows the influence 
Contrary to what we have 
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Pig. 69. Influence of sodium azide upon 
the rats " of photosynthesis (COj 5%, 
thiosulphate 1%, ph 6.8, 29°, high light 
intensity). Exp. of 30.6. '40. 
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O I 2 3.10^ 


Ineldtnt tnt*n«ity in ergi/em^see 

Pig. 70. Influence of sodium azide upon 
the rate of photosynthesis (CO, 6%, 
H, 16%, ph 6.8, 29°). Exp. of 29.6.*40. 


influenoe of low conoentrationB of azide upon fluo- 
rescence in the absence of a hydrogen donor is com- 
parable with the influence of a hydrogen donor. With 
hi^ concentrations the pronounced straightening of 
the curve suggests that the azide accepts practically 
all enezgy transferred, which energy is then lost for 
the process of photosynthesis. A similar phenomenon 
was observed with hi^ concentrations of cyanide, so 



Ineldtnt inttntity intrg^cm^MC 

Pig. 70a. Pactor of inhibition of pho- 
tosynthesis upon addition of sodium 
azide, derived from fig. 70. 



Pig. 71. Influence of sodium azide upon 
the intensity of fluorescence in the ab- 
sence of a hydrogen donor (00,5%, ph 6.8, 
29^). Exp. of 30.6. ’40. 


Pig. 72. Influence of sodium azide upon 
the intensity of fluorescence (CO, 6%, 
H, 16%, ph 6.8, 29°). Exp. 
of 29.6.’40. 
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that in high concentrations the specific difference between the two types of poison has disappeared. 

Thus, azide appears to be no specific poison for dark systems, contrary to what was conclu- 
ded for cyanide and hydroxyl amine, partly already by previous authors, partly from our own 

observations. The azide can even be considered to 

be more directly connected with the energy trans- ^ q without :.odiuma:.d? 
fer than a hydrogen donor, the latter wanting a j A 0,0l67®/o sodium azide 

dark system to render it capable of influencing the 

energy transfer. 4 _ o oU <vo sodium azida 

It is somewhat difficult to explain, why low 3- 
concentrations of azide do not yet increase appre- • 
ciably the initial slope of the curve of fluorescence | 

against intensity in donor-free suspensions. Various 5 , 

reasons may be responsible for this behaviour. Th(‘ g * 

ener^ transfer in the presencje of high concentrations oL^^T i i — 1 — . — i i l_J l_i ^ i — ! — 

of azide indicates that the azide allows a better trans- ® ' 2 3 . 10 ^ 

fer of energy than the transfer system free from energy incident ntens.ty m -rgs/cm^sec 

adopter So, on HuppWng a small dosis of azide an 73 Influence of sodium azide upon 

merged transfer will be obtained due to the com- the intensity of fluorescence (CO, 6 %, 
famed presence of the energy acceptor derived from „ ^go/ f , 3 29”). Exp. of :10.5.’40 
intra-cellular donors and the azide . These curves also * /o » f i 


Incident intensity 1 


Fig. 73. Influence of sodium 
the intensity of fluorescence 
Hg 15%, ph 7.6, 29°). Exp. 


azide upon 
(CO3 6%, 
of 30.5. *40. 


initially run below the one for high doses of azide 

wliich may be due to the fact that at low concentrations of azide the energy acceptors, derived 
from intra-cellular donors are present at its side, and allow a still better transfer than the azide. 
With high concentrations of azide they will be removed from the transfer system by competition. 

Besides this another factor might come into play, viz.^ the inhibition of the systems using 
transferred energy. This might indirectly lead to a more extensive octe-upation of the transfer system 
by the available small ,,slr(*am” of celluiar donors furnished per unit of time. But this factor ought to 
have becom(» also observable in donor-free suspensions with cyanide or hydroxyl amino, which was not 
tile case. So it is obvioinly of little importance and the first explanation is preferent,. 


We will now discuss the behaviour of fluorescence and gas exchange towards azide in the pre- 
sence of a hydrogen donor. The increase of the initial slope of the fluorescence curve at medium 
and high concentrations of azide is again an indication for the direct transfer of energy to azide. 
Moreover it shows that the poison accepts the energy with a somewhat smaller transfer constant 
than the energy acceptors derived from hydrogen donors, but the transfer is much better than 
without supply of hydrogen donors. It is interesting to notice that the intensity region in which 
the fluorescence remains on the initial slope, due to the acceptation of energy by the poison 
approximately coincidi^s with the region in which the gas exchange shows the strongest inhibition. 
At higher intensities the slope of the fluorescence curve in the presence of medium concentrations 
of poison decreases; at still high(.‘r intensities it increases again. 

The curves of gas exchange against incident intensity show a much stronger 8-shape than 
without poison. For two reasons this increased S-shape, i.c., the decrease of the inhibition with 
increasing light intensity, cannot fully be explained as an effect of auto -assimilation, as was 
suggested for the normal S-shape in § 12. Firstly the influence of the auto -assimilation cannot 
account for the just mentioned parallelism of the behaviour of fluorescence with that of gas ex- 
change, but on the contrary would lead to the expectation of a „normal” course of the fluores- 
cence curve. Secondly the amounts of auto -assimilation (AA' in fig. 84) doducible from our ex- 
periments with azide are much higher than those without poison and it can hardly be visualized 
that the poison should stimulate the auto-assimilation process. Therefore, it seems more probable 
that the relative occupations of the transfer system by energy acceptor and poison changes with 
increasing light intensity. 

The decreased occupation of the transfer system with poison with increasing light intensity can 
be explained by assuming that poison molecules that have accepted energy are removed from i,he 
transfer system in a time shorter than the one required for supplying a new molecule. As soon as an 
open place appears, both the azide and the energ|; acceptor derived from the hydrogen donor will 
compete for it more or less successfully according to their rates of supply. This hypothesis can explain 
simultaneously the decrease of the fluorescence slope and the recovery of the gas exchange at medium 
light intensities. 


Enzymoiogia. Vol. X, 4-6. 
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At high light intensitieB gas exchange is inhibited, accompanied by a decrease in fluores- 
cence. If only an influence of azide upon the transfer system would exist, no decrease 
of the saturation value for the rate of gas exchange would occur; only the light intensity 
at which this saturation is reached would increase. Hence, besides the influence upon the 
energy transfer the azide also inhibits the system reducing COg, and we may conclude that 
the latter system is more sensitive to azide than the system reacting with the hydrogen 
donor (c/. also § 14 — 16). 

For high concentrations (0.167%, see fig. 73) the increase of the fluorescence at medium inten- 
sities is very marked. This suggests that then also the system of donor transformation becomes inhi- 
bited to a marked degree. For still higher concentrations (0.5%) the straight fluorescence curve indi- 
cates that all energy passes to the azide, and that the normal energy acceptor has practically disappea- 
red from the transfer system, owing to the high external concentration of azide. 

We must remark that the fluorescence curves for 0.6% azide in the presence and in the absence 
of a hydrogen donor, differ much in slope, although we consider azide in this concentration to act as the 
chief energy acceptor. Whether this difference is only incidental or has a still unknown meaning, 
we cannot decide. 

We may summarize the action of azide as follows. 

In low concentrations of azide, causing partial inhibition of photosynthesis, the azide acts 
upon the C 02 -reducing 83 rstem and moreover upon the transfer system, since it accepts energy. 
The latter action decreases at higher light intensities, a phenomenon which can be understood, 
assuming that azide molecules are replaced upon the transfer system at a slow rate. For high 
concentrations of azide (total inhibition) also an influence upon the system reacting with the 
hydrogen donor appears possible. 


§ 18. The influence of ethyl urethane. 

a. The influence of ethyl urethane on gas exchange. On the whole the in 
fluence of ethyl urethane upon the gas exchange shows great similarity with that of azide. 

In figs 74 — 76 the influence of various concentrations of urethane in the presence of thio 
sulphate at ph 6.3 is presented. Here also the feature 
of the curves is the very strong decrease of the readings 
at low light intensities, causing a more pronounced 
S-shape. On the other hand the intensity at which 
light saturation is reached, does not show a strong 
shift, the rate of photosynthesis in the light satura- 
tion range, however, also shows a very appreciable 
inhibition. In fig. 77 we represent an experiment 
from quite another period of our investigation. The 
characteristics of the curve are exactly the same, so 


2 “ O without tthyl urothan* 
A 0,75 tthyl urtthant 



O without tthyl urtthant 
A UO**/etthyl urtthant 



2 3 , 10 '* 

Ineldtnt Initnaity in trgi^m^te. 

Fig. 74. Influence of ethyl urethane upon 
the rate of photosynthesis (CO| 6%, thio- 
sulphate 1%, ph 6.3,29®). Exp. of 9.8. *38. 


I 2 3.10^ 

Inoldant Intanalty tn trg^m^aao. 

Fig. 76. Influence of ethyl urethane 

upon the rate of photosynthesis (COj 

6 %, thiosulphate 1%, ph 6.3, 29®). 

Exp. of 9.8. *38. 
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it may well be concluded that the observed features 
constitute essential properties of the urethane cur- 
ves. Fig. 77a shows the inhibition factor for various 
points of the (»xperini('nts of fig. 77; the inhibition is 
strongest at low light intensifies. 



Fig. 77a. Fart or of inhibition of pho- 
tosynlhesis upon addition of ethyl 
urethane, derived from fig. 77. 


Total inhibition of photosynthesis is reached 
at ca 3.0% ethyl urethane. The relation between 
the maximum rate of gas exchange and the concen- 
tration of urethane is not linear. 

We have observed many times that especially 


Fig. 7(>. Influence of ethyl urethane upon 
the rate of photosynthesis (CO 2 5%, thio- 
sulphate 1 %, ph 6.3, 29°). Exp. of 16.8. ’38. 
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Fig, 77. Influence of ethyl urethane 
upon the rate of photosynthesis (CO 2 
6%, thiosulphate 1%, ph 6.3, 29°). 
Exp. of 19.12.’39. 


Fig. 78. Influence of ethyl urethane upon 
the rate of photosynthesis (CO, 6%, Hg 
15%, ph 7.6, 29°, high light intensity). 
Exp. of 2.7.’40. 
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Incident intensity in ergs^m'sec 


Fig. 79. Influence of ethyl urethane upon 
the intensity of fluorescence in the absence 
of a hydrogen donor (COj 6%, ph 7.6, 29°). 
Exp. of 2.7.’40. 


in the range above 1.0% a steep increase of the 
inhibition occurs, but we have not made much study 
of this relation. An experiment of this type with 
hydrogen as a donor, at ph 7.6, is given in fig. 78, 
which shows also the mentioned properties. 

b. The influence of ethyl urethane on 
fluorescence. Also this influence shows great 
similarity with that observed with sodium azide. 
Fig. 79 shows the curves for a donor free suspen> 
sion, at 29°, ph 7.6. They are practically iden- 
tical with those of fig. 71, representing the same 
set for azide. 

Also in the presence of donor the sets of curves 
are fully analogous to those obtained with azide. 
Fig. 80 represents the curves for a suspension in 
the presence of hydrogen at 29°, ph 7.6.; fig. 81 
gives a set of curves for a suspension with thio- 
sulphate at 29°, ph 6.3. With thiosulphate the 
character of the curves is the same as with hy- 
drogen; a certain shift in the influence of different 
concentrations is observable. In all cases the 
increase in fluorescence at low and medium light 
intensities is obvious, it is even more pronounced 
than in the case of azide. 

c. Discussion. In the experimental part 
of this section the evident parallelism between the 


action of sodium azide and that of ethyl urethane was already indicated. The remarks in the 


discussion on azide could be made also here, but only the principal conclusions will be repeated. 



O I 2 3.10^ 
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Fig. 80. Influence of ethyl urethane upon 
the intensity of fluorescence (GO. 6%, 
H, 16%, ph 7.6, 29°). Exp. of 2.7.'40. 
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Fig. 81 . Influence of ethyl urethane upon the 
intensity of fluorescence (GO* 6%, thiosul- 
phate 1%, ph 6.8, 29°). Exp. of 19.12.*89. 
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The influence on gas exchange especially at low light intensities and the influence on 
fluorescence in donor-free suspensions show that urethane also at low concentrations occupies 
the transfer system. The molecules of the poison must be assumed to occupy this system directly; 
the intercalation of an enzymatic system as in the case of the hydrogen donors, is improbable. 
For high concentrations of urethane the mentioned effect becomes still more manifest, it was 
also observed for high concentrations of cyanide and hydroxyl amine. 

The rate of photosynthesis in the region of light saturation, which rate is also much reduced, 
indicates that also the dark systems do not remain undisturbed. The decrease of fluorescence at 
high intensities, li.e., increase of acceptor concentration at the transfer system, indicates that 
also here the most sensitive dark system is that, using the energy transferred, and reacting with 
carbon dioxide. Here the same remarks hold, as have been made concerning azide. 

§ 19. Discussion of the relative values of transition point intensities of gas exchange 
and fluorescence. 

In Chapter IV it was remarked that there exists an unmistakabki correlation in the situation 
of the transition points for gas exchange and fluorescence, which also remained evident whilst 
varying temperature and ph. This correlation pointed to the conclusion that the system respon- 
sible for the limitation of the transfer of energy from the bacterio-chlorophyll may at the same 
time constitute the limiting factor for the rate of photosynthesis. 

In Chapter V we have become acquainted with another dark system reacting with COg, 
which may also limit photosynthesis, e.g.y in the presence of cyanide, but which has no direct 
influence upon the transfer of energy. 

It is interesting to know which of the tvro dark systems is responsible for tht5 saturation of 
gas exchange under various conditions. For, since both systems must be considered to be enzy- 
mes, it is quite well conceivable that their capacities are differently influenced by variations in 
external conditions, such as temperature, hydrogen donor, and ph. 

It is clear that, when the system reacting with COg limits the rate of photosynthesis, tJi(‘ 
transition point intensity for fluorescence will be higher than the one for gas exchange. The 
reverse, however, cannot be reconciled with our conception, since it would mean that photo- 
synthesis could proceed unimpeded, under conditions which already limit the energy transh^r. 
Therefore, we may expect the transition i)oint intensity for fluorescence to be either equal to, or 
higher than the one for gas exchange. 

As a rule this was actually found to be the case in our experiments. The data presented in 
Chapter IV lead to the conclusion that the transition point intensities for gas exchange and 
fluorescence generally show only small differences at ph 6.3, both in the presence of hydrogen and 
of thiosulphate, whereas at ph 7.6 with hydrogen as a donor the transition point intensity of 
fluorescence is higher than the one of gas exchange. 

At the time those experiments were performed, the different influence of the concentration 
of the bacterial suspension upon the transition point intensities for gas exchange and fluor(3s- 
cence, discussed elsewhere (20) had not yet betui clearly recognized. For this reason the data 
in question do not allow a detailed comparison of both transition points. Therefore, we ha\'(j 
reexamined the matter with bacterial suspensions at 1/3 of the coiujentration normally used, at 
which concentration no complications occur (c/. (20)). So far, these experiments have only been 
l^erformed at 29°. The results sustain the conclusion formerly arrived at, viz., that at ph 6.3, 
both with thiosulphate and with hydrogen as a donor, energy transfer and photosynthesis become 
limited at about the same light intensity, whereas at ph 7.6 in the presence of hydrogen photo- 
synthesis becomes limited at a much lower light intensity than the energy transfer. In the first, 
mentioned case energy transfer and photosynthesis will, at light intensities above the transition 
point intensity, become limited by the same enzyme system, viz., that reacting with the hydrogen 
donors, whereas in the second case gas exchange will earlier become limited by the system reac- 
ting with carbon dioxide. 

It has been remarked in Chapter V, § 15, that in many cases both processes must be consi- 
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dered to have about the same capacity. It is, therefore, conceivable that a small shift in the con- 
ditions or in the previous history of the cell material may result in a change of the limitations of 
gas exchange by either of the two systems. Our data at low bacterial concentration are so far not 
sufficient to establish this definitely, but we hope to be able to extend them in the near future. 
From the evidence so far available it may be concluded that at 29° and ph 6.8 the system of 
donor transformation is responsible for the light saturation both in the presence of hydrogen 
and of thiosulphate, and thus has a smaller capacity than the system reacting with CO 2 , whereas 
the reverse holds with hydrogen at 29° and ph 7.6. 

Since both systems probably are strongly sensitive to temperature, a difference in their 
temperature characteristics leaves open the possibility that the situation at lower temperatures 
is not the same as that at 29°. So far, however, no indications for such a difference were found, 
but also here more data with dilute suspensions are wanted to settle this question definitely. 


Chapter VI. 

Miscellaneous observations. 

§ 20. The intlaenee of sodium and potassium ions in the phosphate buffer. 

Normally we used a mixture of sodium monophosphate and potassium biphosphate as a buffer. 
Therefore, variations in ph were accompanied by variations in the relative amounts of sodium and 
potassium ions in the suspension-medium. In order to see whether this variation had any influence 
upon the rate of photosynthesis, we have performed an experiment in which potassium biphosphate 
was combined either with sodium monophosphate or with potassium monophosphate in such a way 
that buffer solutions of three different ph- values, viz,, 6.3, 7.0 and 7.6 were obtained. The donor was 
thiosulphate, the temperature 29° C; photosynthesis was measured at high light intensity. The dark 
metabolism was measured only at ph 7.6. Both in dark and in light metabolism no appreciable dif- 
ference was observed in the two types of buffer solutions. This can be seen from Table VlII in which 
also data concerning the composition of the suspension media and the values of the intensity of 
fluorescence at high incident light intensity are given. In general the rate of gas exchange in the sus- 
pensions with only potassium phosphate is somewhat higher. The same result was obtained from the 
measurement of fluorescence, at each ph the course of the curves was nearly the same but a little shif- 
ted in favour of the potassium-buffer. A large difference, however, could not be expected since also the 
suspension prepared with the potassium salts contained a large amount of sodium ions due to the 
addition of sodium chloride and sodium thiosulphate. 

TABLE VIII 


Photosynthesis in phosphate buffers with different 
Na- and K-content. 

(Exp. of 22.5.^40). 


ph 

NajHP 04 
1/6 mol. 

com 

K 2 HPO 4 
1/6 mol. 

ccm 

KH,P 04 
1/6 mol. 

ccm 

NaCl 

6 % 

ccm 

Thiosul- 

phate 

«% 

ccm 

Bacterial 
suspension 
in HgO 

ccm 

Uptake of 
carbon di- 
oxide in 
cmm/hour 

Intensity 
of fluores- 
cence 

(line = 3.10 
X 10^ ergs/ 
cm* sec.) 

6.3 


0.2 



0.25 

0.76 

128*) 

8.0 

6.3 

0.2 

— 1 

0.6 

0.2 

0.25 

0.76 

122 *) 

8.2 

7.0 

— 



0.2 


0.75 

74*) 

8.8 

7.0 

0.5 

— 


0.2 

0.26 


61*) 

9.5 

7.6 

— 

0.7 

0.1 

0.2 


0.76 

27*) 

9.6 

7.6 

0.7 

— 



0.25 

0.75 

24*) 


7.6 

— 




0.25 

0.75 

— 20 (dark) 

— 

7.6 

0.7 

— 


0.2 

0.25 

0.75 

— 21 (dark) 

— 


*) Without correction for dark metabolism. 
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§ 21. Absorption spectrum of cultures. 

The variations observed in the infrared absorption spectrum of cultures of strain D (5) made 
it desirable also to examine the absorption spectrum of the cultures used in this study. In some of 
the earlier experiments the existence of different types of spectra in strain D was not yet known. 
From about 1.9*39 up to about 1.4. *40, in which interval the greater part of the observations dealt 
with in this paper was made, the infrared absorption spectra of all cultures used were determined . 
These measurements, comprising in total about 130 cultures, taught that the type with 2 well distin- 
^ishable maxima in the infrared (c/. (6). fig. 2a) was the common one in well grown cultures incubated 
m the light intensity of oa 600 lux applied during the incubation, as was also concluded before (6). 
Hardly any exception from this type was found, the ratio between the two infrared maxima showing 
only small variations. Moreover it appeared that the absorption spectrum in the region near the 
D-line of sodium did not vary, the coefficient of absorption there being roughly proportional to the sum 
of the heights of the two maxima in the infrared. Lateron, daily control was omitted. 


§ 22. On the fluorescence of the pigment-protein complex in solution and the relation to 
the fluorescence in the living cell. 

The pigment-protein complex was set free by the grinding-method previously described (21). 
The preparation was performed under anaerobic conditions. The solution or suspension of the 
pigment-protein particles was purified by centrifuging, and diluted. From this dilution 2 
ccm was introduced into a Warburg vessel under Ng + 5% COg, and the fluorescence was measu- 
red in the same way as in the case of a suspension 
of living cells. The intensity of fluorescence is ap- 
proximately the same as in the living cells. Obser- 
vations regarding the fraction of fluorescence light 
transmitted by the filter BG 7 (Schott and Gen.) 
both in the living cells and in the colloidal solution 
suggest that also the fluorescence spectrum is the 
same (c/. § 4). 

In general the curves of the colloidal system 
have the character of donor-free curves for cells, 
but they are less distinctly built up of two parts with 
different slopes. We have also tested the influence 
of addition of hydrogen donors, i.c. hydrogen and 
thiosulphate. Both compounds have none, or at 
most a very small, influence upon the fluorescence 
(fig. 88). Evidently the hydrogen donors as such are 
not abh^ to influence the transfer of energy from the 
bacterio-chlorophyll. 

In the living cell addition of hydrogen donors 
causes a strong decrease in fluorescence, also when 
photosynthesis is eliminated by an inhibition else- 
where, e.g.y by withdrawal of COg, or by addition of 
cyanide. We may assume that the direct contact of 
the pigment molecule with its protein is not much 
altered in the extracted complexes (21). So we may 
conclude that in the colloidal extract the supply of 
the transfer system with energy acceptor is distur- 
bed. We have seen in the preceding sections that an 
enzyme system must be considered to be involved in this supply. Obviously this enzyme 
system is wholly or at least for the greater part destroyed by the extraction. Conversely the 
fact that hydrogen donors have practically no effect upon fluorescence in the colloidal extract 
proves once more the existence of a system that transforms the donor into an energy acceptor 
in the living cell. 



O I 2 3.10-^ 

Incident intensity m ergs/cm^sec 

Fig. 82. Relation between the intensity 
of fluorescence of a pigment-protein 
extract and the intensity of incident 
light, in the absence and in the presence 
of hydrogen (COj, 5 % , Hg resp. 0 and 15 % , 
phosphate buffer ph 7.4, 29°). Exp. of 
20.3.’40. 
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§ 23. On the rise in fluoreseenee obserred under certain conditions in the presence of 
gaseous hydrogen as a hydrogen donor. 

It was mentioned in § 4 that also in the measurements of fluorescence the WABBUBO-mano- 
meters could be used, and were shaken in the same way as in the measurements of gas exchange. 
Immediately before reading the deflection of the galvanometer, the shaking was stopped. 

In the presence of hydrogen a remarkable change in the intensity of fluorescence was ob- 
served, when the shaking was not started again after a few moments. A few examples of this 
change are represented in fig. 88 for different intensities of illumination. After stopping the 
shaking, fluorescence remains constant for about 1 minute at our highest light intensity, then 
a rather steep rise occurs and a new, higher, stationary level is reached. For each intensity of 

illumination both values are fully reproduc- 
ible, the lower value is within a wide range 
independent of the duration and the velocity 
of the preceding shaking. The time elapsing 
between the end of the shaking and the rise 
of fluorescence appears to be connected with 
the rate of photosynthesis, as it is constant 
in the region of light saturation and in- 
creases if the rate of photosynthesis is lower 
owing to application of low light intensities 
(fig. 88). The same elongation of the time 
mentioned was observed when photosyn- 
thesis was partially inhibited by cyanide. 
The fluorescence values plotted in the various 
figures in the preceding chapters are taken 
shortly after stopping the shaking. They 
represent the low values mentioned above. 
Plotting the high values against the incident 
intensities we obtain a curve very much 
resembling those for suspensions with limited 
concentrations of hydrogen donor. With 
thiosulphate as a donor the rise of fluores- 
cence is not observed. This suggests that the 
phenomenon is due to the circumstance that 
in a non-sbaken suspension a sufficient 
supply of the suspension liquid with hy- 
drogen from the gas phase can not be 
maintained. This conclusion is supported by the following computation. We can calculate the 
amount of hydrogen present in the suspension at the moment shaking is stopped, assuming that 
equilibrium with the gas phase exists. Besides this we can compute the time (t) necessary for the con- 
sumption of this amount of hydrogen by the bacteria at various light intensities, assuming that the 
initial value of the rate of photosynthesis is maintained during this period. We now can compare 
this time with the time (t') during which fluorescence remains at its low level. Data from one ex- 
periment have been collected in Tabel IX. The assimilation values have been taken from an 
experimental curve, estimating the amount of hydrogen consumed as 2/8 of the total reading (^) . 

It is seen that the values for t and t' agree fairly well for all intensities. The difference of 
16 — 25 % appearing in all cases can easily be explained by taking into consideration that the 
rate of photosynthesis after the time t' only gradually decreases until an equilibrium between 
gas diffusion and gas consumption is reached. 

It may be aeked what mechanism can be responsible for the deficiency of hydrogen in the medium. 
Two possibilities are conceivable. The supply or hydrogen to the bacteria may either be limited by 
the rate of entrance of hydrogen from the gas phase into the liquid — the so-called invasion velocity 



Tim* In minutes 

Fig. 83. Course of fluorescence with time in non 
sliaking vessels containing hydrogen as a donor 
at different light intensities indicated in terms of 
10* ergs/cm® sec. The shaking is stopped at time = 
0. (COj 5 6%,Hjl5%,ph6.3,29°). Exp. of 4.12.’39. 
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TABLE IX 

Comparison of times t and t' (see text) 
ph 6.3, temp. 29®, exp. of 4.12. '39. 


Incident intensity 
in JO* prgs/cni^ sec. ; 

Uptake of Ha -f COa 
cmm/h 

Uptake of Ha 
cmm/h. 

t. 

.sec. 

t' 

sec. 

3.10 

492 

327 

54 

47 

2.23 

480 

320 

.}(> 

49 

1.49 

425 

283 

63 

49 

1.06 

358 

238 

75 

i 59 

0.81 

1 288 

192 

93 

74 

0.57 

175 

117 

153 

124 

0.42 

108 

72 

248 

190 


(C. Bohr 29)) — or by the diffusion velocity, i.e., the rate of equalizing the concentration of hydro- 
gen in all parts of the suspension liquid. 

Data concerning the invasion velocity of hydrogen into water are not available; they exist, iiow- 
ever, for oxygen and nitrogen (30), gases with about the same solubility as hydrogen, but with largc^r 
molecules. Thus the invasion velocity for nitrogen may well be considered to form a lower limit for 
that of hydrogen. In our case (15% Hj in gas phase, temperature 29®, bottom area 7 qcm) this limit 
was thus estimated at 0.14 cmrn/sec., which is higher than the consumption velocity by the bacteria 
(0.09 cmm/sec.), so that it is improbable that the invasion velocity would represent here a limiting factor. 

Data concerning the diffusion velocity of hydrogen may be taken from investigations of Hagen - 
BACH 31) and of Tammann and Jessbn 32). Assuming a consumption velocity by the baijteria equal to 
that measured in gas exchange experiments, it (ian be computed tliat there must exist a concen- 
tration gradient from 2.5 cnmi/ccm at the surface, the value indicating equilibrium with the gas 
phase, to zero at a depth of 0.01 mm. The total height of the suspension being ca 3 mm it can lx* c()n- 
cluded that the stationary concentration in almost the whole suspension will bo zero. 

So diffusion may well be considered to be the limiting principle, and to be responsible for 
the special behaviour of fluorescence in the presence of hydrogen under the conditions, discussed 
in this section. 

It remains remarkable that fluorescence does not increase mure gradually m thes(3 experiments, 
since other evidence has led to tlie conclusion that still at rather high partial pressures the rate of 
photosynthesis is limited by the pressure of hydrogen (§ «). It is therefoi*e not yet quant itatively 
understood why the rise of fluorescence does not start sooner and doe^i not prixjeed more gradually. 


§ 24. The total yield of fluorescence. 

One can define as the yield of fluorescence the ratio between the total energy of the fluores- 
cence light and the absorbed incident energy. In a previous paper this yield was preliminarily 
estimated at about 0.006%. This figure was obtained with concentrated suspensions, viz., of 30 
TROMMSDORFF-units per ccm. As the fluorescence of Chromatiuvi is subjected to self-absorption 
(c/. (30)) we endeavoured to repeat the determination with the more dilute suspensions (10 Tr. 
units per ccm), used in the present investigation. The figure now obtained was considerably 
higher than the earlier one, viz., about 0,10%, so coming into the same order of magnitude as 
for Chlorella. The large difference between the two values successively obtained can only pari ly 
be due to the self-absorption of the suspension; for the greater part it will probably hav(* to be 
ascribed to the use of less suitable fiberglasses in the earlier determination. 

The present determinations of the yield were made as follows. 

The incident energy was measured with a standardized thermopile (c/. § 4), the intensity 
of fluorescence with the aid of a photocell-amplifier. The absorbed energy is connected with the 
incident energy by the absorption factor of the suspension, determined in the white sphere. The 
measured energy of fluorescence is connected with the total emitted energy by a geometrical 
factor, determined by the dimensions of the apparatus and the course of the light rays. 
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So, in order to compute the yield of fluorescence, two sets of instrumental data are necessary, 
i,e,, 1) those establishing the connection between the indications of the thermopile and the 
photocell-amplifier for the spectral region of the fluorescence light; 2) those establishing the 
geometrical factor mentioned. 

Ad 1) As the light of fluorescence is too weak to be used for the establishment of the rela- 
tion of the indications of the thermopile and the photocell-amplifier, we have used herefore the 
two infrared lines of a Cs-lamp (A = 8621 A and A = 8948 A), obtained by filtering its total emis- 
sion with the SoHOTT-glasses EG 6 (2 mm) and B6 8 (1 mm). 

At a distance of about 60 cm from the Cs-lamp the indication of the thermopile was compared with 
indications of the photocell-amplifier put at the same place, before and afterwards. For the measure- 
ment with the photocell a set of neutral glasses (3 mm NG 3 of Schott and Gen.), €uid a diaphragm, of 
0.19 cm* opening, were applied. The wavelengths of the Cs-lines differ only little from the maxixnal 
region of fluorescence: as the sensitivity of the photocell does not vary much in this region, the use of 
the Cs-lines is allowed to establish the requir^ connection. 

We found that after correction for the influence of the SoHOTT-glasses and reducing to 1 cm* 
of the photocell, for Cs-light a deflection of 1 cm in connection with our thermopile would cor- 
respond to one of 17600 cm of our amplifier, at the sensitivity normally used. 

Ad 2) The fraction of the total fluorescence light actually measured by the photocell was 
determined with the aid of a magnesium oxide screen. The indication of the thermopile upon 
incident light was compared at two places, viz,, a) at the place of the bottom of the vessel in the 
thermostate, and b) at the place of the photocell, when the screen is put at the place of the bottom 
of the vessel. 

The ratio of both indications was found to be 0.02. In order to obtain from this number the desired 
geometrical factor we have to take into account a few corrections, viz,,oc) that the mamesium oxide 
screen does not reflect the whole incident light energy; in our case it was only ca 60%; j8) that the an- 
gular distributions for fluorescence and for the reflection of the magnesium oxide axe probably not the 
same; y) that focussing the reemitted light on the photocell will generally cause a cliange of the illumi- 
nated area; in our case it was reduced to 0.41 of its original size. 

Assuming that the suspension of bacteria emits equal amounts of fluorescence upward and 
downward, and that Lambert’s law holds both for the emission of the bacteria and the reflection 

60 

of the MgO, a correction amounting to — x 0.41 = 0.34 has to be applied. If on the contrary 

60 

only the light from the screen obeys Lambert’s law, but the fluorescence light is sent homogeneously 
in all directions, and if it is taken into account that both emissions are observed under an angle of 

60 1 

about 30®, this correction amoimts to — x 0.41 X == 0.20. We believe to be near to the 

60 2 cos so® 

truth when applying a correction factor of 0.30. 

Thus for the geometrical factor a value of 0.80 x 0.02 = 0.006 is obtained. By computation 
from geometrical data (opening of the lens, reflection by mirror and lens surfaces) a factor of the 
same magnitude has been found. 

We will now consider a deflection of the amplifier of 6 cm due to the fluorescence of the 
suspension of bacteria upon the intensity lo, being about the value obtained by extrapolation 
of the initial slope of the curve of fluorescence against incident intensity. The total energy of 

fluorescence would then correspond to an indication of - - X 6 = 1000 cm. 

U.UUu 

On the thermopile the intensity of incident light I^ causes a deflection of 87,2 cm. The ab- 
sorption of the suspension of bacteria in sodium light is about 0.60, the factor f, reducing the in- 
tensities of the light used to their equivalent sodium light intensities is 0.66 (c/. § 4). Therefore, 
the intensity actually effective would give a deflection of about 0.66 X 0.6 X 37.2 = 14.8 cm ^). 
Since the bottom area of the vessel is 6.69 cm, the absorbed energy would correspond to a 
deflection of 6.6 X 17600 X 14.8 cm = 1.720.000 cm on the photocell, assuming the sensitivity 
of the photocell, obtaining in the spectral region of fluorescence light. 

*) The error, introduced by the fact that the mean energies of quanta of Na-light and the 
light used are not equal, which error amounts to about 6 %, is neglected here. 



PHOTOSYNTHESIS AND FLUORESCENCE OF BACTERIO CHLOROPHYLL IN THIORHODACE AE 847 


As the indication given by the photocell due to the total amount of fluorescence light would 

1000 

correspond to 1000 cm, the yield of fluorescence is equal to - — = 0.06%. 

1.75dO.UUO 

Finally, taking into account the influence of self-absorption of the fluorescence light and 
its weaking by the ScHOXT-filter EG 10 the yield can be computed to 0.10%. 

When we express both fluorescence and incident intensity in quanta, the yield amounts to 

X 0.10 = 0.16%. It must be emphasized that the yield considered is that for low intensities 

hvfi 

(the „initial slope” c/. § 6). With respect to the „final slope” the yield is ab<»ut 4 times higher. 



Time in minute* 


Fig. 84. Initial changes of fluoresoenct* after the start of an illuiniiiatiori. 
(Tcneral type of curve. I = S.IO x It)* ergs/cm*sec. (f’Oo thiosulphate 
1%, ph 6.8, 29°). Exp. of 14.12.’89 


§ 25. On the initial 
changes in fluores- 
cence. 

Some preliminary 
observations concer- 
ning the initial chan- 
ges occurring in the in- 
tensity of fluorescence 
after admitting the 
light, may be briefly 

discussed. They were recorded in an early stage of our investigation; lateron we always used vessels 
with suspension, previously illuminated during the parallel measurements of gas exchange (§4). 

In fig. 84 the general type of the fluorescence-time curve, recorded at 29° with thiosulphate 
as a hydrogen donor, has been represented. One is struck firstly by the general similarity with 
the curves obtained for Chlorella(^). So far, our material is still too scanty to decide in 

detail in how far the 
special constitutive 
parts of the curve are 
homologous with those 
of the Chlorella’cmve; 
the placing of the let- 
ters along the curve 
must, therefore, be 
considered to be ten- 
tative (cf. (3), fig. 2). 

Some observations 
may now be mentio- 
ned. Fig. 85 represents 

the influence of temperature- The curves have been taken with the same vessel and can, 
therefore, be directly compared. We will here draw attention to the fa(;t that the slope DE 
shows a strong dependence on temperature. We are inclined to connect th<‘ smoother slope at 
lower temperatures with the influence of temperature observed in the stationary state, which 
was interpreted as an influence upon the supply of the energj" transfer system with energy 
acceptor derived from the hydrogen donor. 



Fig. 85. Initial changes of fluorescence after the start of an illumination. 
Influence of temperature. 1= 3.10 x 10* ergs/cm* see (CO 2 5%. thio- 
sulphate 1 %, ph 6.3). Exp. of 14. 12. ’39. 


The influence of temperature appears to be of the same type as that observed in green leaves by 
Kautsky 33) and as the influence of cyanide observed in Chlorella. Founded upon Kautsky’b deduc- 
tions and our own observations we have connected the phenomenon in Chlorella with the production 
of oxygen in photosynthesis and the inhibiting influence of molecular oxygen upon fluorescence in 
chlorophyll containing organisms (3). As the production of niolecular oxygen, also intermediately, 
may well be definitely excluded for purple sulphur bacteria it cannot be brought into play in the 
explanation of the slope DE in this case. All changes in fluorescence may be considered to reflect 
changes in the total transfer probability p (3» 13). It was argued before (3) that these changes generally 
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bear the character of shifts in the state of oxido-reduction at the transfer surface. Also the change 
reflected by DE may belong to this same class. Then, however, a difference remains in so far, that in 
Chhrella apparently oxygen or at least oxidized compounds decrease fluorescence, whereas in purple 
bacteria reduced compounds are connected with a better transfer and thus with a lower fluorescence. 
A more profound study of these phenomena will no doubt lead to an explanation of this difference. 
We have some evidence that the influence of oxygen upon fluorescence, observed in ChlordUif does 
not exist in purple sulphur bacteria. It was already concluded from previous observations that also 
in Chlorella oxygen only indirectly influences the transfer of energy to the process of photosjnithesis. 

The part AD of the curve is probably also somewhat affected by temperature but this is not 
yet certain. 

It lies much at hand to ask whether the presence of a hydrogen donor influences also the 
initial stages of fluorescence. Indeed such an influence is very marked. In fig. 86 the time course 

of fluorescence of a 
suspension with thio- 
sulphate and one with- 
out hydrogen donor 
are compared. The ir- 
regularity in the part 
AD will not be discus- 
sed, although it has 
been observed also on 
other occasions. We 
have, however, so far 
not yet any indications 
as to its meaning. A 
few words may be said 
concerning the part 
DE. It is seen that the 

decrease is much less pronounced in absence of donor. Moreover after a few minutes a sudden 
rise of fluorescence is observed. The moment at which this rise occurs differs rather considerably 
in various experim(‘nts. It is tempting to bring this rise into connection with thf^ impossibility 
to keep the transfer 
system fully occupied 
with energy acceptor 
in th(* absence <jf exter- 
nally supplied donor. 

This possible explana- 
tion is strongly favou- 
red by the result ob- 
tained with rey)eated 
illumination m the 
absence of hydrogen 
donor (fig. 87). Then 
the depression after D 
is successively decrea- 
sed and finally prac- 
tically absent, which 

strongly suggests that the amount of energy acceptor initially present is then consumed 
and cannot quickly enough be replaced. 

A few observations on the influence of carbon dioxide tend to show that an inhibited transfer 
is also obtained by removal of carbon dioxide from the gas phase. Also the transitory depression after 
D in the absence of donor is then less pronounced. 

Fig. 88 contains some observations on the influence of a partial inhibition with cyanide. 
The time effect observed in the absence of donor is present in about the same way as observed 



Fig. 87. Initial changes of fluorescence after the start of an illumination. 
I = 1.0 X 10* ergs/cm* sec-. Repeated illumination in the absence of a 
hydrogen donor with dark periods of 10, 10, 10 and 2 minutes. (CO 2 5%, 
ph G.8, 29°). Exp. of 18.9. 



Fig. KC). Initial cliangi s of fluorescence after tlie start of an illununation. 
Influence' of donor suj)ply. I = 3.10 X 10* ergs/cni^ sec. (COg ph 0.8, 
29°). Exp. of 12.12.’89. 



Fluorescenci 


PHOTOSYNTHESIS AND FLUORESCENCE OPBACTERIO-CHLOROPHYLL IN THIOBHODACEAE 349 


in non-poisoned suspensions. Adding now thiosulphate, the slope of the decline after D remains 
practically equal; the secondary rise is now absent within the time of observation. 

On addition of an 
amount of cyanide gi- 
ving a strong inhibition 
(80 — 90 %) of photo- 
synthesis a few times 
a sudden rise of fluores- 
cence similar to that in 
the absence of donor 
was observed in the 
part DE. Concerning 
the influence of limited 
amounts of carbon dio- 
xide and of various con- 
centrations of cyanide 
upon the decline DE 
we have not yet suffi- 
cient observations. 

Finally fig. 89 

shows the effect of increasing concentrations of ethyl urethane. The levelling influence, due to 
the acceptation of energy by urethane itself is very marked with the higher doses. 

Summarizing the very preliminary account presented, we may regard the following facts 

to be sufficiently esta- 
blished: 1) the general 
resemblance of the 
fluorescence- time cur- 
ves with those of Chh- 
rella, 2) the influence 
of temperature upon 
the slope DE, 3) the 
inlliienco of hydrogen 
donor upon the slop<' 
DE. Certainly a mon^ 
extensive study of the 

initial states of fluorescence will lead to a better understanding of their relation to th<^ 
stationary states. Moreover, such a study will undoubtedly contribute to a further insight into 
the connections between the different types of photosynthesis. 
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Fig. 89. Initial changes of fluorescence after the start of an illumination. 
Influence of ethyl urethane. 1=8.10x10* ergs/cm^.sec (COg 5%, 
thiosulphate 1% ph 6.8, 29°). Exp. of 19.12 ’89. 



Fig. 88. Initial changes of fluorescence after the start of an illumination. 
I = 1.0 X 10* ergs/cm^ sec. Two illuminations in tlie absence of a hy- 
drogen donor with a dark period of 10 minutes. Third illumination after 
addition of thiosulphate 1%. (COg 5%, ph 6.8, 29° KCN 0.01%). Exp. of 

18.9.’89. 


Chapter VII. 

General Discussion and Summary- 

§ 36. General discussion. 

It was discussed in § 2 that the intensity of fluorescence is determined hy the possibility of 
energy transfer from the bacterio -chlorophyll. This possibility is controlled by supply and 
removal of substances able to accept energy. 

In the dark the system of energy transfer will become occupied with various substances, 
part of which may act as energy acceptors when the cell is illuminated. Evidence is in favour of 
the assumption that the energy transfer will cause changes in the occupation until a stationary 
state is reached again, different from that in the dark in this important respect that molecules 
having accepted energy are continuously removed and fresh ones are supplied again. Whether 
the occupation of the transfer system under these conditions differs much from that in dark or 
not, will depend upon the possibility to replace the substances, removed after energy acceptation. 
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The higher the light intensity is, the more the mechanism supplying energy acceptor will be 
engaged. As far as the sources of supply are sufficient to meet the requirement, and as far as the 
presence of excited acceptor molecules at the transfer system does not cause an appreciable 
obstacle for the supply of non-excited ones, the probability for energy transfer will remain con- 
stant, and the concentration of excited bacterio-chlorophyll, and thus also the intensity of 
fluorescence will be proportional to the absorbed light energy. The energy acceptors are then 
available in excess. As soon as important sources of energy acceptors become limiting, the energy 
transfer becomes impeded and fluorescence rises. In the case of the strain of purple sulphur 
bacteria studied, the shift of the first mentioned situation to the second one lies within the range 
of light intensities applied. It was established that the presence of a hydrogen donor constitutes 
the most important factor in the supply of a suitable energy acceptor to the system of energy 
transfer. From the existence of a concentration of the externally supplied hydrogen donor 
beyond which an influence upon fluorescence at high intensity does no more exist, we concluded 
that an intra-cellular process is intercalated between the externally supplied hydrogen donor 
and the fonn, itf which it is involved in the transfer of the light energy absorbed by the bacterio- 
chlorophyll. Experiments showed furthermore that temperature and ph strongly influenced 
this process. We saw that the gas exchange and the fluorescence of bacterio-chlorophyll reacted 
in a definitely linked way upon the influences discussed; in many cases, especially at ph 6.3, they 
reached light saturation at the same incident intensity. In these cases the system causing light 
saturation for the energy transfer, i.c., the system limiting the supply of energy acceptor from 
a hydrogen donor, also constitutes the limiting factor for the gas exchange. 

We may assume that at the system reacting with the hydrogen donors the same final pro- 
duct is formed from a great variety of donors. Since it is also formed from molecular hydrogen, 
this product can hardly be something else than hydrogen in some state of excitation. 

We are so led to see the system reacting with the hydrogen donor as a dehydrogenase, the 
substrates of which are the hydrogen donors. 

Introducing the character E for protein, one may symbolize the enzyme, occupied with 
hydrogen donor by EDH; the reaction is KDH — > ED + H. 

The hydrogen thus formed evidently plays an important r61e in the energy transfer. It can 
be assumed that this hydrogen as such is the energy acceptor, it may as well be assumed that iri 
the transfer system a substance X is present from which only the reduced form XH is able to 
accept energy. It appears well conceivable that various reducible substances are present, so that 
the energy acceptors XH, YH, ZH etc. may be formed. It seems plausible to assume that from 
these energy acceptors H is liberated after acceptation of an energy quantum from the layer of 
bacterio-chlorophyll. 

If one wishes to introduce the symbol HOH into the reaction taking place, one may sym- 
bolize the whole reactive complex at the system of energy transfer by EXHOH and, after 
the action of the above mentioned enzyme, by EXHHOH, after which one H can be dis- 
sociated by the light. The difference with green plant cells is apparently the interaction of the 
„additionar' H resulting from the reaction of the hydrogen donor. It is tempting to connect 
this difference with the energy content of the energy quanta supplied by the bacterio-chloro- 
phyll which is much lower than in the case of green plant chlorophyll. We may put this 
energy content equal to that of the fluorescence quanta. 

The situation may thus be formulated that the interaction of the hydrogen donor enables 
to dissociate H from HOH with so small energy quanta as supplied by bacterio-chlorophyll. 
Its primary necessity for the action of energy transfer thus becomes conceivable. It may be re- 
marked that also in the case of green plant cells the dissociation of HOH with the energy quanta 
available remains a problem, which we intend to discuss elsewhere. 

On the other hand we have become acquainted with completely comparable and even 
stronger changes in the rate of photosynthesis without an appreciable effect on fluorescence. 
This situation was found when limiting and excess concentrations of carbon dioxide were com- 
pared, or when inhibitions with cyanide and with hydroxyl amine were introduced. Then only 
small variations in intensity of fluorescence accompanied strong changes in gas exchange. It 
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was argued that the changes of fluorescence may be understood from an indirect influence upon 
the energy transfer, and thus under the conditions chosen photosynthesis is controlled by pro- 
cesses that are not directly connected with the transfer of energy. It may be emphasized that the 
supply of carbon dioxide belongs to this class. 

We thus arrive at the conclusion that the process of photosynthesis starts with soiiu^ reac- 
tion with the hydrogen donor, leading to the formation of an acceptor at the system transferring 
the energy from the bacterio-chlorophyll. The action of the light probably leads to the dissociation 
of the required „reducing agent” from the acceptor. This reducing agent then reacts with <'arbon 
dioxide in a dark process. So two dark processes are included in the chain: one reacting with the 
hydrogen donor, preceding and enabling the transfer of energy, the other one reacting with 
carbon dioxide, and following the transfer of energy, and influencing it only along indirect ways. 

The reader will be aware of the close relationship between this scheme of the course of 
photosynthesis to which one is forced by the results obtained from the simultaneous nu^asurc- 
ment of gas exchange and fluorescence, and the ideas proposed on various occasions by van 
NieL 34). Also in the scheme of van Nibl, proposed 1935 (7) two dark relictions are con- 
tained, one in which COg, and the other in which the hydrogen donor is involved, the latf.er l)eing 
thought as a restoration reaction of a pigment-water molecule which has acted photochemical ly. 
It has been advanced already earlier (2) that we cannot accept that the pigment is stoechio- 
metrically related to the reactive compounds and chemically involved in any reaction, and 
therefore we cannot accept the details of the mentioned scheme. In 1936 van Niel (34) gave 
a more tentative description of the mechanism in more general tenns, in which is spoken of the 
„appareil pigment^” as the seat of the photochemical reaction, and in which moreover th(' 
possibility seems to be left open that a compound other than water is the one actually converted 
photochemically. Also more stress is laid here upon the primary action of the hydrogen donors 
enabling the photochemical system to „act as a hydrogen donor” for the reduction of COg. It 
will appear from the expepments and conclusions presented in the present paper that the con- 
cept of VAN Niel, especially as fonnulated in 1936, in general gives an adeipiate descri])<ion of 
the mechanism of photosynthesis in purple sulphur bacteria. 

The definite indication, however, that the action of the hydrogen donor has to precede the 
formation of a reducing substance at the expense of the light energy and even is necessary for the 
transfer of the absorbed energy as such, and thus that views ascribing only a secondary r61e to 
the hydrogen donors may be excluded, could only be gained from the combined study of gas 
exchange and fluorescence. For the rest we will deal more in detail with theoretical questions 
in a following paper (13). 

Dependent on the experimental conditions we will observe (at high light intensities) either 
of the two dark processes mentioned above as limiting the rate of photosynthesis. It must be 
noticed that the influence of both processes upon the rate of gas exchange is of the same typ(‘. 
With excess and with limited amounts of hydrogen donor, at high and at low temperatures, with 
excess and with limited amounts of carbon dioxide, non-inhibited and inhibited by e.g. hydroxyl 
amine, completely analogous sets of gas exchange curves in relation to light intensity are obtai- 
ned. From gas exchange measurements alone the place of the hydrogen donor and that of carbon 
dioxide in the process can not be distinguished. The same type of relation between gas exchange 
and incident intensity would have been obtained if the action of the hydrogen donor was such as 
advanced in recent times by Nakamura 36) and by Hanson 36). in their schemes the hydrogen 
donor plays the r61e of removing oxygen intermediately produced in photosynthesis, and hence 
is considered not to be connected with the act of energy transfer. 

A similar fundamental uncertainty is inherent to all „BLACKMAN-offects” observed so far 
in the physiology of photosynthesis, namely whether they represent a limitation by the same link 
or by different links of the chain of processes. All reactions upon cyanide, temperature, and 
intermittency of light (37) may be caused by either of the two effects, mentioned above. The 
additional, more intimate knowledge of the course of photosynthesis which is obtained by stu- 
dying the fluorescence of the photoactive pigment system in the living cell enables to distin- 
guish between both types of BLACKMAN-effects. 
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In honour of Blackman’s discovery of a twofold character of the process of photosynthesis 
in green plant cells Warburg 88) called the temperature-sensitive part of the process: ,3 i<aok- 
MAN-reaction”. At present we do not know whether the dark processes in photosynthesis of green 
plant cells and of purple sulphur bacteria are of a similar or of a different nature. As the actual 
character of the dark reaction in photosynthesis of green plant cells is unknown, the name 
BLACKMAN-reaction merely means to indicate a non-photic temperature sensitive process 
fonning an essential part of the process of photosynthesis. From this point of view no objections 
can be raised against the use of the term „BLAGKMAN-reaction” also in the case of purple sulphur 
bacteria. However the use of this term in our opinion should not be propagated, since it may 
cover different procesMi under different conditions. 

We conclude this section with a table giving a survey of the ways in which various agents 
influence gas exchange and fluorescence by acting upon the three catalytic systems discussed 
in this paper (Table X). 

Summary. 

Parallel measurements of gas exchange in photosynthesis and of fluorescence of 
bacterio-chlorophyll in suspensions of purple sulphur bacteria, Chromatium, strain D, 
are described. They were performed in order to investigate to which extent bacterio- 
chlorophyll is involved also in the further utilization of the absorbed light energy. 

The gas exchange shows the same relation to the incident intensity of light as in 
green plant cells, indicating that the process of photosynthesis also here contains light- 
sensitive and light-insensitive links. 

The curves of fluorescence of bacterio-chlorophyll against the incident intensity of 
light are bent curves, consisting of an initial slope, a transition range and a much steeper 
final slope. This indicates that the acceptor of the excitation energy of bacterio-chloro- 
phyll is not present in abundance but only in a limited amount (c/. § 2). In a suspension 
free from hydrogen donors the transition between initial and final slope is situated at a 
low light intensity: upon supply of hydrogen donor it shifts towards a higher intensity, 
thus causing a decrease of fluorescence at high light intensities (§ 8). This decrease is 
also observed if only a very small rate of photosynthesis is allowed to take place, e.gf., 
in absence of carbon dioxide. So we conclude that the hydrogen donor is primarily con- 
nected with the transfer of energy. Above a certain concentration of hydrogen donor 
fluorescence is not influenced further; in the same region of concentrations also the rate 
of gas exchange shows saturation. We conclude that in the presence of excess of hydrogen 
donor a certain system becomes a limiting factor both for energy transfer and for photo- 
synthesis. In the presence of an excess of hydrogen donor, the energy transfer and the 
rate of photosynthesis are in the same way dependent on temperature (§ 9). This indicates 
that the limiting system mentioned above is not the system of energy transfer as such, 
but an enzymatic reaction in which the hydrogen donor is involved. This implies that 
the hydrogen donor does not occupy the transfer system as such, but is transformed into 
an energy acceptor by the process mentioned (§ 8). This reaction moreover shows a mark- 
ed sensitivity to ph, different for different hydrogen donors (§ 10). In experiments with 
simultaneous supply of hydrogen and thiosulphate the parts of the mentioned enzymatic 
system reacting with each of these two donors could be computed. At ph 6.8 and 29® they 
were about 68 % for thiosulphate and 32 % for hydrogen (§ 11). A discussion is devoted 
to the S-shape oi curves representing the rate of photosynthesis, measured as uptake of 
carbon dioxide against incident intensity. Some evidence is presented that it is connected 
with photosynthesis at the expense of cellular hydrogen donors (§ 12). 

Carbon dioxide appears not to interfere with the energy transfer (§ 14), neither does 
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cyanide (§ 16). As these agents strongly influence the rate of photosynthesis, we have to 
conclude to the existence of a second dark enzyme-system, in which carbon dioxide is 
involved, and which is sensitive to cyanide and also to hydroxyl amine (§ 16). 

Sodium azide and ethyl urethane also affect the latter system and moreover compete 
with the normal energy acceptor at the transfer system (§§ 17, 18). 

We have so to put in mind that the „Blackman* '-characteristics of the process of 
photosynthesis, observed in rate measurements of gas exchange, can be due to two diffe- 
rent processes, viz,, 1) a process in which the hydrogen donor is converted into a sub- 
stance involved in the transfer of energy; it is sensitive to temperature and ph, insensitive 
to cyanide, and precedes the transfer of light energy; 2) a process in which carbon dioxide 
is involved and obviously reduced; it is sensitive to cyanide and hydroxyl amine (and 
presumably also to temperature) and follows the transfer of light energy (§ 19). 

All experimental results are in accordance with the assumption that the first men- 
tioned system is a dehydrogenase, reacting with the hydrogen donors as substrates. It 
is assumed that hydrogen is transferred from these substrates to a substance or to sub- 
stances present at the transfer system, which thus become active as energy acceptors (§ 26). 

From miscellaneous observations the following ones may be mentioned here. In 
cell-free extracts, containing the pigment-protein complex, fluorescence is hardly influen- 
ced by hydrogen donors; it indicates that the donor-transforming system is damaged in 
these preparations (§ 22). The yield of fluorescence has boon determined under the con- 
ditions of our experiments; it amounts to ca. 0.1 % of the absorbcnl light energy (§ 24). 
Some preliminary observations on initial changes of fluorescence have bcien n^ported. 
The time course of fluorescence of Chromatium shows a general similarity with that of 
Chlorella ( § 25). 

"We wish to acknowledge her© with deep appreciation the many stimulating suggestions we have 
received from the part of our late director, Professor L. S. Ohnstein, under whoso enthusiastic daily 
direction the experimental part of this study has been performed. 

1) E. C. Wasaink, D. Vermeulen, G. H. Reman, E. Katz, Enzyrnol. 6, 100 (1938). — 2) L. S. 
Omstein, E, C. Wassink, G. H. Roman, D. Vermeulen, Enzyrnol. 5, 110 (1938). — 3) E. C. Wassink, 
E. Katz, Enzyrnol. 6, 145 (1939). — 4) J. G. Eymers, E. C. Wassink, Enzyrnol. 2, 258 (1938). — 5) 
E. C. Wassink, E. Katz, R. Dorrestein, Enzyrnol. 7, 113 (1939). — 6) C. B. van Niel. Arch. f. Mikrobiol. 
8, 1 (1931), — 7) C, B. van Nicl, Cold Spring Harbor Symp. on Quant. Biol. 3, 138 (1935). — 8) C. B. 
van Niel, Arch. f. Mikrobiol. 7, 323 (1936). — 9) H. Gaffron, Bioch. Zs. 269, 447 (1934); ibid. 279, 1 
(1935). — 10) H. Gaffron, Bioch. Zs. 260, 1 (1933); ibid. 276, 301 (1935). — 11) F. M. Muller, Arch. f. 
Mikrobiol. 4, 131 (1933). — 12) II. Gaffron, Ann. Rev. of Biochem. 8, 483 (1939). — 13) R. Dorre- 
stein, E. C. Wassink, E. Katz, Enzyrnol. 10, 855 (1942). — 14) P. Pringshoiin, Handb, d. Physik., 
Bd. XXIII (1920). — 15) O. Warburg, E. Negelein, Zs. physikal. Chem. 106, 191 (1923). — 16) D. 
Vermeulen, E. C. Wassink, G. H. Reman, Enzyrnol. 4, 254 (1937). — 17) 0. Warburg, Naturwiss. 14, 
167 (1926). — 18) E. C, Wassink, Enzyrnol. 10, 257 (1942). — 19) C. S. French, Jl. of gen. Physiol. 20, 
711 (1937). — 20) E. Katz, E. C. Wassink, R. Dorrestein, Enzyrnol. 10, 269 (1942). — 21) E. Ketz, 
E. C. Wassink, Enzyrnol. 7, 97 (1939). — 22) E. 0. Wassink, Rec. trav. hot. n6erl. 81, 583 (1984). — 
23) H. P. Bottelier, Rec. trav. bot. n^erl. 82, 287 (1935). — 24) K. Wohl,The new Phytol. 89, 33 
(1940). — 25) C. S. French, Jl. of gen. Physiol. 28, 483 (1940). — 26) R. Emerson, L. Green, Plant 
Physiol. 18, 157 (1938). — 27) H. Gaffron, Biol. Zbl. 69, 802 (1989). -- 27a) H. Gaffron, Amer. Joum. 
of Bot. 27, 204 (1940). — 28) J. Franck, K. F. Herzfeld, Jl. of Chem. Phys. 6, 237 (1937). — 29) C. 
Bohr, Wied. Ann. d. Phys. u. Chem. 68, 500 (1899). — 80) W, E. Adeney, H. G. Becker, Philos. Magoz. 
89, 885 (1920). — 31) A. Hagenbach, Wied. Ann. d. Phys. u. Chem. 66, 673 (1898). — 82) G. Tam- 
mann, V. Jessen, Zs. Anorg. Chem. 179, 125 (1929), — 33) H. Kautsky, Bioch. Zs. 274, 436 (1934). — 
84) C. B. van Niel, Bull. Assoo. Miorob. Fao. d. Pharmacie de Nancy, 1936, No. 13. — 36) H. Naka- 
mura, Acta phytochim. 9 , 189 (1937). — 36) E. A. Hanson, Rec. trav. bot. n6erl. 86 , 183 (1989), 
— 87) R. Emerson, W. Arnold, Jl. of gen. Physiol. 15 , 391 (1932). — 88) 0. Warburg, Bioch. Zs. 
166 , 886 (1926). 





855 


Theoretical considerations concerning the relation 
between photosynthesis and fluorescence of bacterio- 
chlorophyll in purple sulphur bacteria, with an 
outlook on the comparative physiology 
of photosynthesis 

BY 

R. DORRESTEIN, E. C. WAS81NK and E. KATZ 

(biophysical besearch Group mider the DireHiou of L. S. Ornsteinf. Utrecht . 
arid of A. J. Klu y ver. Delft) 

With H figures. 

11th Communication on PhotoHynthesis *). 

(24.XII.41) 

§ 1. Outline of situation. 

In this paper we will try to connect the experimental data regarding photosynthesis and 
fluorescence of bacterio-chlorophyll in purple sulphur bacteria, described in the preceding pa- 
per (1), with our views concerning the mechanism of photosynthesis, formerly deduced from 
observations on the green cells of the alga Chhrella. 

In order to facilitate the discussion, the general situation found in O^toreWa-photosynthesis 
will be briefly summarized here. 

It was remarked before (2. 3) that since long two possible explanations for the mechanism 
of chlorophyll action have been put forward, viz., 

1) chlorophyll itself takes part in a chemical reaction, 

2) chlorophyll transfers the energy of excitation received by light absorption, to 
another compound, which is the first substance involved in chemical reactions (sensitizer- 
action of chlorophyll). 

It may be recalled that the second possibility has already been suggested a long time ago, 
e.g. by Engelmann in 1883 (^); in recent times it has been considered again by various authors, 
a.o. by Gaffron ^). However, since the fundamental chemical work on chlorophyll of Will- 
STATTER and Stoll ®), most mechanisms of photosynthesis suggested have been founded upon the 
view of these investigators that carbon dioxide should react in photosynthesis in complex binding 
with chlorophyll, which implies that chlorophyll is directly involved in all chemical reactions. 

Our observations on the rate of photosynthesis and the course of fluorescence in relation 
to the incident intensity of light in suspensions of Chbrella led us to the conclusion that a partici- 
pation of chlorophyll in the chemical reactions of photosynthesis is improbable, and that a 
mechanism in which chlorophyll acts as a sensitizer has to be adopted. The chief argument for 
this conclusion was furnished by the observation that the yield of fluorescence and thus also the 
energy transfer from the chlorophyll did not alter appreciably in the region of light saturation 
for gas exchange. Moreover this suggested that in Chlorella even an indirect linkage between 
the reduction of CO2 and the energy transfer is absent, so that the energy acceptor — the com- 
pound to which chlorophyll transfers its excitation energy — had to be postulated to be present 
in abundance. This implies that the time necessary to replace a „used” molecule of energy 
acceptor by a „fresh*’ one, is very small. This mechanism enables to explain the observation 
that agents influencing the BLACKMAN-reaction do not affect fluorescence at least in so far as 
not very strong effects are involved. On the contrary, agents influencing the „photic’' part of 

*) 10th Comm.: Enzymol. 10, 285 (1942). 
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the proceBB of photosyntheBis affect fluoreBcence and may be considered to interfere with the 
process of energy transfer. In CKIoreUa such an action was found for urethane and for oxygen. 

Further observations led to the conclusion that the energy acceptor must be considered 
to be a compoimd of the type EHOH, furnishing a reducing substance {RH or H), reacting with 
COg in the BLACKMAN-reaction. 

We will now consider in how far our observations on purple sulphur bacteria can be under- 
stood along similar lines. The relation of gas exchange to incident light intensity is much the 
same as in green cells; a light-sensitive and a light-independent part can be distinguished. 
However, a difference is observed in the fluorescence-irradiation curves, these being distinctly 
curved in the case of purple sulphur bacteria, whereas they are straight in Chlorella, 

As was expounded in the preceding paper (i), under various conditions the attainment of 
light saturation of photosynthesis and the bend in the fluorescence curve occur at the same inci- 
dent intensity as far as sufficient amounts of hydrogen donor and of carbon dioxide are present. 
In these cases there is no direct reason for postulating a mechanism including energy transfer, 
since a coupling between fluorescence and gas exchange, and thus between the energy transfer 
from bacterio-chlorophyll and the rate of photosynthesis is observed, which could also be 
reconciled with a mechanism, postulating bacterio-chlorophyll to be chemically involved in the 
entire process (c/. above). But other observations distinctly point against such a participation. 
Thus we have seen that the coupling between photosynthesis and fluorescence is disturbed e.p. 
when COg is not sufficiently available. Only in so far as the supply with hydrogen donor limits 
the rate of photosynthesis, coupling is observed. This means that bacterio-chlorophyll cannot 
be considered to be chemically connected with the process of photosynthesis and thus only a 
mechanism including an act of energy transfer can be considered. 

The existence of a transition point intensity in the fluorescence curve has suggested that 
the energy acceptor in purple sulphur bacteria is not present in abundance but is formed from 
the hydrogen donor in an enzymatic reaction of limited capacity. Obviously a coincidence in 
the attainment of light saturation of gas exchange and fluorescence means that then the same 
reaction limits both the energy transfer and the rate of photosynthesis. The general conclusion 
has been that the limiting reaction is not the act of energy transfer as such, but that this transfer 
is only indirectly limited by a lack of energy acceptor. 

These aspects of the mutual relation between the rate of photosynthesis and the intensity 
of fluorescence of bacterio-chlorophyll in purple sulphur bacteria have led us to postulate the 
following diagram for the mechanism of photosynthesis in these bacteria. 


Systeni 1 Transfer system System n 



Diagram, showing the chief steps of photosynthesis in purple sulphur bacteria, according to the results 
of the combined study of gas exchange and fluorescence. The active compounds have been placed in 
circles, without implying anything concerning their chemical nature. R «= proteins of the catalytic 
systems involved, c = bacterio-chlorophyll, c+ = activated bacterio-chlorophyll, DH « hydrogen 
donor, = energy acceptor, A = activated ener^ acceptor; active spots of the catalytic systems 

indicated by thick stripes. 
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This diagrairi contains as a „Bkeleton'’ the diagram given earlier for photosynthesis of 
ChloreUa (8), but is extended with the system I, reacting with the hydrogen donor. 

At the system I from the hydrogen donor a substance is formed which takes part in the 
formation of an energy acceptor at the energy-transfer system. Bacterio-chlorophyll is 
connected with the transfer system and hero the energy of excitation which bacterio-chlorophyll 
receives by light absorption, is transferred to A^. which thus changes into A, a compound active 
in the reduction of carbon dioxide. Possibilities for heat-losses and back reactions have been 
indicated in the diagram. According to the preceding paper, temperature and ph manifest 
themselves upon the rate of photosynthesis primarily by their action upon system I, cyanide 
and hydroxyl amine primarily by their action upon system II, whereas urethane and azide 
primarily attack the transfer system. Eegarding the chief participants in the process we may 
remark that the hydrogen donors are considered to be involved in a reaction at system I, light 
is active at the transfer system, carbon dioxide is involved in a reaction at system II. 

No doubt structural proteins are essential constituents of all these systems; they will 
have to be considered as indispensable with respect to the energy exchanges which take place 
in the reactions occurring at these systems (cf. § 3). In the picture the three active surfaces have 
been represented schematically along each other, but this does not imply any definite suggestion 
regarding their mutual topographic relation in the cell. Perhaps they occur mozaically in the 
same protein-layer; the only essential thing is that at the system I or „spots” I a dark reaction 
occurs with the hydrogen donor, at the transfer system or „8pot8” a photic reaction, at the sys- 
tem II or „8pots’' II a dark reaction with GOg. 

§ 2. Mathematical formulation of the main features of the assimilation pr^>cess. 

In this section we will show the possibility of a mathematical treatment of the chief features 
of the process of photosynthesis in purple sulphur bacteria, founded upon the principles out- 
lined in § 1. We will consider especially the processes of supply and of activation of the energy 
acceptor and of the annihilation of the state of activation A. We restrict ourselves to the 
stationary state of illumination and of gas exchange. Particular phenomena, occurring at very 
low light intensities, will be left out of consideration. The reader is requested to compare the 
analogous considerations for ChloreUa, given in (3). 

The same symbols will be used for the compounds involved and for their respective con- 
centrations. So we denote with: 

c = the number of unexcited molecules of bacterio-chlorophyll; 

0 + == the number of excited molecules of bacterio-chlorophyll, to which the intensity of 
fluorescence is considered to be proportional in all cases; 

Aq = the number of places at the transfer S 3 rstem, occupied by unexcited acceptor molecules; 

d = the velocity of formation of A^, connected with the conversion of a hydrogen donor 

at system I; 

A = the number of activated acceptor molecules at the transfer system; 

Am = the maximum number of places at the transfer system, which can be occupied by 

Ao or by A; 

V = the rate of assimilation in number of H-atorns used in photosynthesis, according to 
the equation CO 2 + 4H -f 4hv— >CH20-f- H 2 O; 

J = the energy absorbed by the bacterio-chlorophyll in number of quanta per unit of time, 
being proportional to the incident intensity. 

In the formulae to be derived c + represents also the intensity of fluorescence if expressed 
in arbitrary units, J represents also the incident intensity, expressed in arbitrary units. 

The number of absorbed quanta per unit of time, J, determines the number of excited 
chlorophyll molecules c+ according to the formula: 

dc + 
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yieldmg for the stationary state: 

J = i8c+ (1) 

in which the coefficient jS is a measure for the rate at which an excited bacterio-chlorophyll 
molecule can loose its energy. In general the fluorescence-irradiation curves are not strai^t 
lines through the origin, and thus, according to (1), is dependent on J. This may be accounted 
for by assuming that at places occupied by Ao the probability for energy transfer is higher th^i 
at places without Ao. Thus we may divide p into two parts: 

^ + pAo 

in which /Sao represents the probability for energy transfer to the energy acceptor Ao whilst 
Pq represents the probability of energy transfer otherwise than to Ao and determines the rate 
at which the excited bacterio-chlorophyll can lose its energy when no energy acceptor Ao is 
present. This coefficient p^ again consists of two parts: Phtat* referring to all cases that the 
excitation energy is transformed finally into heat, and Pnuon representing the probability for 
fluorescence. 


As to the magnitude of these quantities the following can be remarked. According to Prins 7) 
the „8trength” of the transition corresponding to the red absorption range of chlorophyll is about 
0.12. Assuming the corresponding constant in the case of bacterio-chlorophyll to be the same, for 
the spontaneous emission probability jSfiuor the value 10'^ sec.~^ can be calculated. Remembering 
that the yield of fluorescence as expressed by the ratio j8fiuor/j9 is only about 10"® (1), it follows that 
P cv) 10*® see"* and that the mean life of excited bacterio-chlorophyll molecules is oo 10"*® sec. 

The molar absoiption coefficient of bacterio-chlorophyll for sodium light seems not yet to be 
known, neither in solution, nor in the living cell. However, the order of magnitude in both cases 
will not differ much from that for chlorophyll and for other similar substances in various solutions, 
and will not surpass 10®. Therefore, the „effective cross-section’* for light absorption per molecule 
is at most co 10"*®cm®, and the absorption probability per molecule at our highest light intensity, 
being 3.10® ergs/cm® sec == 10*® quanta/cm® sec., maximally amounts to oo 10*® X 10"*® = 1 sec"*. 

This is some 10*® times smaller than the rate of ener^-loss per molecule and per sec.; so the 
conclusion is valid that the excited bacterio-chlorophyll molecules represent only a completely 
negligible fraction of the total amount of pigment. Therefore the number of absorbed quanta remains 
always strictly proportional to the incident intensity. 

Assuming p^ to be a constant and to be proportional to Aq, the total transfer proba- 


bility becomes a linear function of Ao: 

/?=^o+aAo (2) 

By combination of (1) and (2) it follows that 

J=)Sc++aAoC+ (3) 


According to (3), at a given value of J the minimum value of c + is: 



Fig. 1. Relation between c+ 
(concentration of excited bac- 
terio-chlorophyll, being a mea- 
sure for the intensity of fluores- 
cence) and J (intensity of inci- 
dent light). 


Cmin — p (4a) 

fSo + aAm 

in which Am is the maximum number of places at the trans- 
fer system to be occupied by Aq. The maximum value of c*^ 
is given by; 

+ J 

<^max = ^ (4b) 

ro 

So all fluorescence-irradiation curves must lie between two 
straight lines a and b represented by the equations (4a) and (4b) 
respectively (fig. 1). For small values of J the transfer system 
will be fully occupied by A^, and thus the „initial slope** of all 
fluorescence-irradiation curves will correspond to the minimum 
value of fluorescence and will therefore be described by (4a). 
For higher values of J the curves deviate from the initial slope, 
and tend to approach the slope given by equation (4b), due to 
a decrease of A©; equation (4b) will give the final slope obser- 
ved in the experiments. In the absence of donor the fluores- 
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cence-irradiation curves should obey equation (4b); in the experimental curves this is not 
realized exactly, possibly due to the influence of intra-cellular donors (1). 

Evidently this scheme can be considered as an extension of that for GMorella; in the latter 
case we have to assume that in the stationary state Aq is always equal to or approximately 
equal to Am, which means that the „substance’* A^ is present in abundance, so that straight 
lines appear for fluorescence as a function of the incident intensity. 

Denoting with Ja the number of quanta per unit of time transferred to the acceptor A^ 
we obtain according to (3): 

Ja == aAoC+= J — /?oC+ (5) 

(c/. fig. 1). Then, for the quantities A^, and A present in the stationary state the following equa- 
tions hold: 

J + fi(A) = Ja (6) 

and Ja = fi(A) + f,(A) + v(A,. . .) (7) 

At the left side of these equations we find the rate of formation of A^ and of A respectively, at 
the right side the rate of annihilation or disappearing of either of these compounds. The term 
fi(A) represents the return of activated A to A^ at the transfer system, the term f 2 (A) stands 
for other ways of annihilation of the activated state A, but not for those connected with photo- 
synthesis; in both cases the excitation energy is ultimately transfonned into heat. Both functions 
are zero for A == 0, and increase with A. The term v represents the annihilation of the activated 
state A as far as it is transferred to the system II; we may consider it at the same time as a 
measure for the rate of photosynthesis, neglecting for the present losses at system II which 
can arise owing to absence of COg, inhibition by cyanide, etc. The function v also w’ill increase 
with A. 

Combining the equations (6) and (7) we obtain: 

d=f2(A)+ v(A,...) (8) 

The simple equations (6) and (7) can already account for the features of the curves repre- 
senting the relations of photosynthesis and fluorescence towards incident intensity under various 
conditions. As will be seen below, in some cases we need some further qualitative assumptions. 

We will now consider firstly the action of the hydrogen donors, of the ph, and of different 
temperatures. 

For low light intensities we assume that the affinity of the transfer system for A^ is suffi- 
cient to ascertain that d will be so large that the transfer system is kept fully occupied. In the 
beginning A will be negligibly small compared to A^, so: 

Ja = aAniC + 

which equation is equivalent to (4a). According to (7) A will increase wdth c+ and thus the rate 
of photosynthesis v will be an increasing function of the light intensity. 

For the BLACicMAN-range we assume that the capacity of system 1 becomes limiting which 
means that d reaches a maximum value dm and consequently the transfer system does not 
remain fully occupied. Furthermore we assume that v, like fj and fg, is a function of A only, 
and is not influenced by factors active at system II. Then, if d = dm, according to equations 
(8) and (6), also A, v, and Ja will reach constant values, thus: 

d= dm — ►'V= Vm, and Ja — Jahi 

This indicates that a constant assimilation value is conn(‘cted with a linear ndation between 
c+ and J: 

J=JAm + ^oC^ (9) 

The straight course of the curves of fluorescence against incident intensity in the Blackman- 
range is in this way duly accounted for. 

Assuming v to be a function of A only, equation (7) expresses the general coupling between 
Ja connected with fluorescence according to (6), and v (assimilation), linked by the quantity A. 
It is evident that, if the assimilation-irradiation curve shows a bend an 3 rwhere, the fluorescenci^- 
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irradiation curve will show a bend at the same incident intensity, t.e. the transition points for 
both curves lie at the same intensity. From equation (7) it is obvious that in the Blaokkan* 
range Jahi will increase correlated with increase of Vm (c/. (^)). 

We now will give a more specified mathematical model, making more definite assumptions 
concerning the functions d, fj, £ 2 , and v. Two cases may be distinguished: 

I. For low light intensities we have assumed that d is sufficiently large to ascertain full 
occupation of the transfer system by and A, only a small amount of the latter substance 
being present. 

II. For high intensities d is assumed to reach a maximum value dm, the transfer system 
is then only partly occupied. 

We will neglect a transition range and assume either the one, or the other case to be 
realised, thus either 

Ao + A = Am 

or d = dm ^ ^ 

Furthermore we will assume fj and fg to be proportional to A: 

== (^1) 

For the present we will also assume that, v is proportinal to A: 

V = A (12) 

The two cases may be dealt with separately. 

I. The transfer system is fully occupied. We then hav(^• 

Ao+A=Am (131) 

II. The transfer system is only partly occupied; d has its maximum value dm* Equation ( 6 ) 

is then specified to: 

dm + TiA = Ja = aAoC + (13«) 

For both cases (7) is converted into: 

Ja = aAoC+ = (yi + Y2)A + ^A (14) 

From (12) and (14) a direct connection between v and Ja can be derived: 

= M (16) 

V #c 

In case I we obtain for the relation between v and c+ with the aid of (18^), (14) and (12): 


V = ^ ~ -- ocAmC + 

Yi + Ys + acg 


and in case II from (I 811 ), (14) and ( 12 ): 


Case I: 


Case II: 


I '^lll * III • • . . • M 

Y2+ x 

The corresponding formulae for J \ are to be found with the aid of (15) and (16) and become: 
T. T. Yl + Ys + 'f „4. 


Ja = «A„,c + 

Yi+ Y 2 + X + ac+ 

T _ Yl+ Y2 + « .1 T 
''A JAm 


The relation (16) also expresses that the values of c+ for the transition points of the gas 
exchange and fluorescence curves are the same. 

For values of ac, ^ y, + Ys "I" x, thus when case I holds, the formula (16i) assumes the 
simpler form: 


and likewise formula (17^) becomes: 


v= ; j — aAmC + 

Yt + Y2 + >« 
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JA = aA^c+ (191) 

This formula is equivalent with (4a), representing the initial slope of the J — c+ curve. By 
combining (18i), (19i) and (6) we find the initial slope of the curve representing the rate of 
photosynthesis against the incident intensity: 


V= .. — J (20J) 

fio + aAm Ti "f* Ys + ^ 

Equation (20i) gives an expression for the quantum efficiency; the number of H-atoms 
involved in photosynthesis per quantum absorbed is given by: 


V ^ aAm K 

J + aAm Yi + Ys + ^ 

We see that this yield is always smaller than 1, due to the loss-terms and yg. 

With increasing values of ac+, for which case I still holds, the curves of v against c+, 
those of Ja against c+ and in minor degree also those of v against J will deviate down from 
the initial slopes, represented by (18i), (19i) and (20i) respectively. According to (16i) and (171) 


V and Ja will finally reach the saturation values: 

V = #cAm', and Ja = (yi+ y2 + k ) Am 

However, long before this would ’occur, case II 
will become valid, owing to the limited supply of 
energy acceptor at the transfer system. 

In fig. 2 theoretical curves for v against H and 
for c+ against J have been drawn, according to (16), 
(17) and (6), for 8 values of dm, with suitably chosen 
values for the parameters (cf below). J, v, and c^ 
have been given in arbitrary units, the units for v, for 
J A, and for J being connected by equations (7) and (6) . 

Prom the number of quantities introduced and the 
number of equations by which these quantities are 
related, it appears that for H quantities an independent 
choice of the units is permitted, the other units fol- 
lowing herefrom. 

The unit for J is chosen so, that its range extends 
from 0 to 100 in our experiments. According to (5) Ja 
and )8oC+ have l o be expressed in the same unit. Cor- 
responding units for d, yjA, y 2 A, and v = #cA are fixed 
by the equations (13ii) and (14). Choosing the time 
unit so that j8o = 1, the unit for c+ is fixed according 
to (4). Finally, choosing arbitrarily the unit for the 
,, number of active spots at the transfer system** so that 
Am — 100, the units for y^, yg, /c, and a are fixed accor- 
ding to (14). For the constants determining the shape of 
the curves in fig, 2 the following values have been chosen : 
a == 0,03 ic = 2 yj = 0,6 yj = 6,4 

With these values 

1) the ratio between the tangents of final slope and 
initial slope of the fluorescence-irradiation curves, 

becomes equal to 4, according to our ex- 
Po 

perimental results; 

2) the quantum efficiency, given by (20i) neglect- 
ing losses at the system II assumes the value 
v/J = 3/4 X 2/3 = thus amounting to 8 quanta 
aosorbed per mol COj assimilated, in agreement with 
our experimental data. 

3) the hypothetical maximum value for Ja if 
case I would persist over the whole intensity range, 
which, according to (17i) also determines the degree of 
curvature of the initial part of the fluorescence curve, 



O 20 40 60 80 ICO 

Light intensity(j) 


Fig. 2. Theoretical curves of v (rate of 
photosynthesis) against J, and of o+ 
against J, at tliree mrrerent rates of supply 
of energy acceptor, dm, supposingj that 
system I is limiting at high light inten- 
sities. 
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becomes (y^ -f yg 4- #c) Am = 300, being a few times larger than the intensity range applied in our 
expenments. 

Only the ratio : y, which does not affect the shape of the curves, is rather arbitrary {cf . , 
however, fig. 3). 

For dm three values were taken, (fig. 2), viz., 48 (curves 1), 24 (curves 2) and 6, (curves 3) corres- 
ponding to vm == 40, 20, and 6, and JAm == 60, 30, and 7,5 respectively. 

In fig. 2 the equality of the transition point intensities for gas exchange and for fluorescence 
is demonstrated. The situation described here holds for all cases that the capacity of the process 
of donor transformation constitutes the limiting factor for the rate of photosynthesis at hi^ 
light intensities, causing a maximum value dm for d, which value dm is dependent on tempe- 
rature, ph and quality or quantity of the donor. Variation of these agents by influencing dm, 
therefore, causes simultaneous parallel shifts of the final straight parts of the gas exchange and 
fluorescence curves. 

So far we have considered only the limited capacity of system I as being responsible for 
light saturation. Quite another situation is obtained when a reaction at system II becomes 
the limiting factor for photosynthesis. For the case of total inhibition of the assimilation by 
Jack of CO 2 or addition a sufficient amount of KCN we can derive the fundamental features of 
the behaviour of fluorescence already from the general model given by (6) and (7). We will dis- 
tinguish also here the two cases mentioned above, viz. I: the transfer system is fully occupied 
by Ao and A, and II: it is only partly occupied since d has reached the maximum value dm- 

Case I. When in (7) v decreases to zero, we observe that for a given value of Ja, fi(A), and 
i^(A), and thus also A will increase, and since the transfer system is fully occupied A^ will de- 
crease. This decrease will be only very small, since at low light intensities A^ is large in relation 
to A. The decrease of A^ will cause a correlated increase of c+ according to (5) and thus the 
fluorescence will also rise a little. 

Case II, When v decreases to zero, according to (8) f 2 (A) and thus also A will increase, since in 
this case d has its maximum value dm* Owing to the increase of A also f^(A) will increase, and 
thus according to (6), Ja, being independent of c+ in this intensity range, will increase, causing 
a decrease of fluorescence at high intensities {cf. 0. 

This is a mathematical formulation of the considerations given in (l), § 14, in which how- 
ever 8 cases were distinguished; the cases 1 and 2 have been taken together here as case I. 

We will now try to express the situation obtaining with limitation at system II by an 
extension of the more specified mathematical model, introduced already above. 

In order to obtain simple formulae we will represent the limiting action of system II by 
postulating the term for the rate of photosynthesis in (7) to be a constant. Thus: 

v==0 ) 

becoming valid as soon as kA reaches the value O, whereas ( (21) 

V = kA ) 

still holds for A ^ 0 

0 is a function of the capacity of system II, or, in the case of COg-limitation, it is directly con- 
nected with the rate of 002-supply at system 11. The possibility v = /cA, dealt with above, 
will be denoted as case a, the possibility v == 0 as case b. 

Also for case b the cases I and II may be separated. If the assumptions (11) are left unaltered, 
we obtain: 

'^A=:^p^~^j(Yi+Y,)Am+oj (221) 

Case n Ja = -^0= Ja™ (22n) 

Ys Ys 

From (22) the formulae for total inhibition at system II can be derived by substituting) 
O==:0: 
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Case I 


, 

Ti+Y*+«c + 


ixAmC + 


(231) 


Case II 


j, _ T1 + Y2. 

«^Am — Un 

T2 


(23n) 


The same formulae can be derived directly from (6), (7) and (11) by putting v = 0, and also 
from (17) by putting /c = 0. 

For any situation excluded urethane and azide inhibition, so e,gf. lack of COg, inhibition 
by cyanide or by hydroxyl amine, a suitable combination of the formulae (16), (17), (21), and 
(22), each in its own validity range, can describe in principle the shape of the gas exchange 


and fluorescence curves. 

Fig. 8 shows as an example the change in shape 
of these curves when 0 is decreased, owing to inhibi- 
tion by KCN. 

The value of dm has then been assumed to be 
equal to 24, corresponding to vm = 20, ihat of O in the 
case of partial inhibition to be equal to 5, indicating an 
inhibition to 1/4. This inhibition occurs e.g. in fig. 47 of 
the preceding paper in the presence of 0,00167% KCN; 
the corresponding fluorescence curves are to he found in 
fig. 56, to which figure the theoretical curves under dis- 
cussion thus have been adapted. To the otlier parameters 
used the same values have been given as in fig. 2, 

== l,aAm = 3, Am = 100, = 0.6,72 0.4, k = 2. 

Using these values we have constructed in fig. 3 a fluores- 
cence curve for the case of non-inhibited photosynthesis 
(curve 1), a curve for totally inhibited photosynthesis 
(curve 8) and a curve in which an inhibition to 1/4 was 
assumed (curve 2). The experimental fluorescence curve 
in the case of total inhibition equals more the theoretical 
curve which is obtained when the value for Am is as- 
sumed to be 82 instead of 100 (curve 4) This is con- 
sistent with our view that KCN in high concentrations 
also occupies part of the transfer system. 

The conclusion is that the fonnulae developed are 
able to describe the observed phenomena satisfactorily, 
also when the effect of an inhibition has to be ac- 
counted for. 

In the case of partial inhibition at system II the 
relation between c + and 3 is expressed by formula (17^) 
in the intensity range below the transition point for 
the relation between gas exchange and J. Above this 
transition point the relation between c+ and J is ex- 
pressed by formula (22^); the slope of the fluorescence 
curve then becomes somewhat higher, but so little 
that it is not visible in the plot. 

A bend occurs in the theoretical fluorescence 




influence of an inhibition at system II. 
Three cases: 1) no inhibition at system II 
(Jimilatioii by system J); 2) iJartiuJ inhibi- 
tion at system II; 3), 4) total inhibition 
at system II for two different values of 
Am (cf. text). 


curves as soon as (22ii) becomes valid. This bend shifts 

towards higher values of J when 0 decreases; in the theoretical curve for partial inhibition 
in fig. 8 it is situated at J = 86. 

When the maximum capacity of system II is small and that of system I is large, the cou- 
pling of system II to the transfer system may be so important, that the latter system always 
remains fully occupied with A^ and A. Formula (22“) then will not hold at all; the condition 
lor validity of (22”) being that the curves given by (22i) and (22“) intersect: dm — 0 < 

In cases in which the capacity of system I constitutes the limiting factor in gas exchange 
it has to be supposed that for KCN inhibition a threshold value exists, for which a few experi- 
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mental indications were indeed obtained (c/. (!))• In our mathametical model this threshold 


is distinctly pronounced, since KCN will not exert any influence as long as 0 > — -j- — dm 
(see (16n)), 


A closer comparison of the experimental and the theoretical fluorescence curves in the case of 
strong inhibition at system II reveals that the former ones run somewhat straighter than the latter 
ones, also when an adequate correction is applied for the methodically imposed transition range 
(cf. (8)). This seems to indicate that the expressions (11) must be replaced by others. The shape of the 
experimental curves for total inhibition can be approached still better by that of the theoretical 
ones, assuming in (7) one of the loss-terms fi(A), fj(A), or both to be a quachratic function of A. This 
assumption is physically well conceivable, when one interprets the loss-terms fi(A) or f 2 (A) as 
representing a recombination-process of free radicals. 


The chief difference between the changes introduced into the fluorescence curves by agents 
acting at system 11, and those introduced by agents active at system I is that when limitation 
of gas exchange by system II occurs, Ja goes on to increase with c+ after the gas exchange 
curve has passed its transition point intensity. This accounts for the fact that the experimental 
transition range for fluorescence becomes more continuous and the transition point undefinite. 


As for the action of poisons like azide and ethyl urethane, it is not intended to give here an 
account for the rather complicated phenomena then observed. Only a few remarks may be made. 
From the experimental facts that the initial slope of the fluorescence-irradiation curve rises 
upon addition of these poisons, and that an inhibition of photosynthesis especially at low light 
intensities occurs, it was aheady concluded that the main influence of these poisons exists in a 
blocking of the transfer system, so that the number of places accessible for the energy acceptor 
active in photosynthesis is diminished. It must be conceived that the total transfer probability 
P then is composed of three parts: 

^ + pAo = + otAo (24) 

in which Pp refers to the direct transfer to the poison. The influence of azide and urethane can 
be represented by substituting a larger value for p^ and a smaller value for Am in the various 
formulae obtained; it must, however, be taken into account that in that case p^ and Am Are 
no longer necessarily independent of the incident energy J. Assuming that Pp is smaller than 
the corresponding decrease of aAm^ it is clear that the maximum value of p, reached when all 
available places have been occupied either by A^ or by the poison, is lower in the presence of 
poison than in its absence. Therefore, the initial slope of the fluorescence-irradiation curve will 
rise. Moreover, according to (24), the decrease of the fraction of the incident light energy that 
is accepted by A^, and used in photosynthesis will cause an inhibition of the rate of photosyn- 
thesis at low intensities. For medium intensities it must be assumed that the occupation of 
the transfer system by the poison becomes somewhat smaller, causing an increase of the value 
for Am which has to be substituted in (16i) and (17^), and leading to correlative bends of fluo- 
rescence and gas exchange curves {cf, Q)), 

It is obvious that, according to the assumptions (10) and (21), in our model sharp bends 
appear in the curves of photosynthesis and of fluorescence against incident intensity instead 
of the transition ranges experimentally observed. In our paper on OAtoreiZa-photosynthesis (3) 
we accounted for the occurrence of such a transition range by putting that the rate at which 
the activated energy acceptor can react at system II is proportional to the number of places 
at system II occupied with carbon dioxide and its reduced states and moreover to the concen- 
tration of activated energy acceptor A, whereas at high light intensities the removal of the final 
product from the system II limits the reaction velocity. 

In principle similar assumptions could be made in the present paper; these would cause 
that the rate of photosynthesis reaches its BLAOKMAN-value only asymptotically, instead of, 
according to (21), immediately above the transition point between light limitation and light 
saturation. Such suppositions would, moreover, cause the sharpness of the threshold for KCN- 
inhibition to disappear; a small influence of KCN would occur also at low light intensities, as 
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was actually observed in our experiments. Another specified assumption, which was made in 
our paper on Chhrella is the introduction of a more-step-mechanism at system II, but this 
introduction would have no essential influence on the formulae obtained. 

In the present paper we have omitted all such more detailed suppositions concerning the 
reaction mechanism at system II since it was our aim to keep the formulae as simple as possible 
in order to demonstrate clearly which factors are actually active in determining the shapes of 
the curves. Moreover, we have seen in (8) that it is difficult to know from experiments with 
a cell suspension to what extent a transition range actually occurs in the single cell. In this 
connection it can be remarked that the conclusions drawn by Smith 8) from the apparent shape 
of the transition ranges in different cell samples are open to objections. 

By the way it can be stated that the supposition that the rate of supply of the energy acceptor 
at the transfer system would only be proportional to the number of empty places, thus 
d = p (Am — Aq — A) , with dm = pAm, does not yield good results. This supposition would 
be plausible, if it is assumed that the limiting reaction of donor transformation would occur 
at the transfer surface itself. Together with the assumptions (11), (12), this supposition would yield 
(iurves of photosynthesis and of fluorescence against incident intensity, which are more rounded 
llien the experimental ones. 

The expos6 given in this section may have demonstrated that, founded upon the views 
outlined in § 1 and in the preceding paper, with the introduction of a few simple assumptions 
and a limited number of constants, simple mathematical formulae can be developed, which are 
able to describe the fundamental features of the behaviour of gas exchange and fluorescence in 
photosynthetis of purple sulphur bacteria. 

§ 3. General survey; outlook on the comparative physiology of photosynthesis. 

We have seen in the preceding sections that both qualitatively and mathematically the 
observations on photosynthesis and fluorescence in purple sulphur bacteria can be condensed 
in a scheme which is founded upon the same principles as the one previously developed from 
our observations on photosynthesis and fluorescence in Chlorella, The common feature of both 
schemes is the supposition of an energy transfer from the photoactive pigment ; the role of the latter 
is thus restricted to that of a sensitizer. Due to this transfer of energy the energy acceptor is 
enabled to exert a reducing action upon carbon dioxide and its reduced derivatives finally lea- 
ding to the formation of carbohydrate. It is perhaps useful to expound firstly the principal 
points in which the part of our scheme mentioned so far differs from other concepts proposed 
in recent years and what are the reasons for these differences. Part of these points have already 
been dealt with previously in our paper on Chhrella and in § 1, and will only bo mentioned briefly. 

The reasons why we cannot accept a bond between chlorophyll and compounds engaged in 
chemical reactions have been discussed previously. They exclude schemes like those of Will- 
STATTER and Stoll, of Willstatter and of Franck and Hkrzfeld and also the scheme of 
VAN Niel at least in its formulation of 1935, and finally also the optical model of the photo- 
synthetic unit, proposed by Gaffron and Wohl(c/. 3)), The scheme as formulated above and 
its consequences as far as fluorescence of Chlorella is concerned could be recomdled with the idea 
presented by Wohl as „kinetic model” of the photosynthetic unit ; we w(T(* forced to a similar 
basic concept from our observations on Chhrella, especially because it turned out to be necessary 
to introduce an energy acceptor „presentin abundance” (c/. (3)). But also if the energy acceptor 
can no longer be postulated to be present in abundance as holds for the purple sulphur bacteria 
studied by us, the principles of the scheme need not to be altered. On the contrary, as was already 
outlined in § 1, various reasons speak in favour of a mechanism including an energy transfer 
also in this case. It may be useful to remark that this by no means implies that the energy acceptor 
is stoechiometrically related to the pigment or that the molecules of the energy acceptor are 
bound to the pigment molecules. 

In order to specify the concept we may assume that the molecules of chlorophyll and of 
bacterio-chlorophyll are bound to a structural protein, presumably in a monolayer and then 
perhaps packed in the way found bij Hanson i®). But there must exist still a much closer con- 
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tact with the protein, as follows from the shift of the red resp. infrared absorption band of the 
naturally occurring pigments as compared with the situation in extracts, which shift points 
to the existence of a direct protein-bond. This bond seems to be stronger in the case of bacterio- 
chlorophyll and also in the case of bacterio-viridine than with ordinary chlorophyll since in the 
first cases the shift in the absorption band is much larger (il). The nature of the bond is un- 
known; at any rate the behaviour of the absorption indicates the existence of a complex the 
energetic properties of which are definitely altered by the protein {cf, also Schbibb 12)). 

In the kinetic model of the photosynthetic unit the only sensible meaning of the unit is 
that of a reaction area. Whether the energy of a given quantum of light absorbed by the chloro- 
phyll can be used for the reduction of a given molecule of carbon dioxide depends upon the 
probability that this amount of energy has to reach the molecule under consideration. In such 
a probability two steps can be distinguished. Firstly a given molecule of chlorophyll will only 
be able to transfer its energy to a certain group of acceptor molecules. Secondly a given molecule 
of energy acceptor will only bo able to react with a certain group of carbon dioxide 
molecules or their reduced derivatives. If for a moment we retain the unit picture in its structural 
form and consider a carbon dioxide molecule as its „center” this implies that one cannot tell 
definitely whether a given molecule of chlorophyll belongs to a given unit or not. To which unit 
a molecule of chlorophyll belongs is only certain, so to say, for the molecules in the centre of 
this imit, whereas those at tlie sides will, dependent on various conditions, belong to the unit 
under consideration or to neighbouring ones. 

We will now consider in some greater detail some factors determining the mentioned reac- 
tion area’s. The discussion of the first step, triz.y at what distance an absorbed quantum may 
still be transferred, requires a specification of the mechanism of energy transfer. We may assume 
the energy acceptor to be present at the same structural protein at which the pigment is bound, 
and which fonns an essential part of the „transfer system” {cf. § 1). The energy absorbed by a 
certain chlorophyll molecule may migrate to the energy acceptor in principle along two ways, 
viz., through the pigment layer or through the protein. The migration through the pigment 
layer could be such as has been conceived for the migration of excitation energy in crystals, 
e.g. in those of silver halogenides. Gaffron has deemed this type of energy migration im- 
probable in the case of the photosynthetic unit, since he considers the special properties found 
by Schbibb 12) in certain dye-complexes to be essential for the possibility of energy transfer 
along this way. It would occur to us, however, that especially in view of the situation in the 
Silver halogenide crystals, this way of energy transfer needs not to be fully excluded. On the other 
hand the energy quantum may, directly, or indirectly after a migration through the pigment 
layer, pass to the protein and migrate here in some form to the energy acceptor. One might 
suggest that this form is that of a migrating electron. It is conceivable that an electron, mobilized 
by the absorption of a quantum in the chlorophyll, joining the energy acceptor changes an 
H-ion into a radical, which radical then is active in the reduction of COg. 

In the past years we had got used to the idea that theoretically 4 quanta of light are neces- 
sary and sufficient to reduce a molecule of carbon dioxide in photosynthesis and that moreover 
at least in green plant cells the role of each quantum is to split a water molecule into H and OH, 
or at least a bound water molecule into H and KOH, 4 H atoms then reducing a molecule of 
carbon doxide. Quite recently we have learned with astonishment from a review by Franck 
and Gaffron 14) that American investigators believe at present that not less than 12 quanta 
are necessary to reduce a molecule of carbon dioxide in the normal course of photosynthesis. 
Franck already goes so far as to elaborate a theoretical model in which 8 quanta are involved. 
These authors appear to reject Eiohhoff’s results (15), which we, however, should not like to 
ignore, the more so since some incidental observations of our group have yielded efficiencies of 
1 : 6 to 1 : 9 in Chhrella even without severe precautions being taken as to obtain the most 
active cells (2). Lateron we have been able to confirm these results, and found that with Cfeto- 
reUa in WARBURO-buffer No. 9, at 29'', at least ei^iciencies of about 1 : 6 are obtainable in expe- 
riments of prolonged duration, in so^um light intensities which allow definitely positive rea- 
dings. With this state of affairs it is of no great use to deal in further detail with the energy 
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exchanges in photosynthesis and to the possible amounts of energy involved in the various steps. 

However, one general remark concerning the energy exchanges in photosynthesis must be 
added. Up to the present time it has in our opinion not been sufficiently realized that parts of the 
energy involved in the process are or at least may be conceived to be supplied in advance by 
structural elements of the cell. This will hold in the first place for all energy exchanges involved 
in reactions preceding the entrance of the light energy into the process. This statement would 
imply that the light energy or compounds formed with the aid of the light energy do not act 
upon the stable substrates, furnished from outside, but upon compounds, already pretreated 
or prechanged by the action of catalytical surfaces within the cell. We now know this to be the 
case for carbon dioxide in green plant cells, according to the experiments of Kuben 1®) and to 
earlier evidence in this field, and for the hydrogen donors in purple bacteria, according to our 
observations. If we retain the 4-quantum-concept (p. mol. CO^) for the action of light and the 
formation of hydrogen from „ water” in green plants, we will have to assume an analogous 
pretreatment for this water at the system of energy transfer, since otherwise one quantum would 
not be able to set free a hydrogen atom. In other words, the remaining OH-group must Ix^ 
strongly bound by the catalyst, and this binding energy is essential for the course of the process. 

We may visualize that in the dark the various links of the process are already being pre- 
pared with the aid of energy available in the structural elements of the cell. The role of the 
light energy is to make a chain of these links. In first instance the requirements of thermody- 
namics are satisfied for the overall-process as soon as the amount of light energy in one cycle is 
sufficient to cover the energy raise of the system involved. It is evident that the energy inter- 
mediately supplied by the catalytic surfaces must be restored. This may take place in reactions 
belonging themselves to the chain of photosynthesis, e,g. by production of oxygen from bound 
OH-radicals and similar conversions. But it may also partly be due to reactions not directly 
cormected with photosynthesis at all, but belonging to the dissinulatory mechanism of the cell. 

The necessity of restoration of the catalysts may be responsible for some recent observa- 
tions according to which the efficiency of photosynthesis in the so called stationary state is in 
general lower than in the initial phase. 

To summarize the considerations regarding the mechanism of energy transfer, as a whole 
this mechanism is considered to be of the „kinetic” type; an energy transport through the chlo- 
rophyll as such, however, not being excluded. 

Franck and Herzfeld some years ago had tried to avoid the picture of the photo- 
synthetic unit, assuming a separate connection of each chlorophyll molecule with the chemical 
reactions. Now again, Franck proposes a scheme of this type for new reasons amongst 
which the most forcing one is that evidence obtained m recent years should contain direct argu- 
ments against the existence of a photosynthetic unit. The most definite evidence was that the 
number of carbon dioxide molecules bound in green cells is comparable with that of the number 
of chlorophyll molecules and thus much larger than the number of reduction centers. The 
compound to which carbon dioxide is bound is, after the experiments of Ruben c.s. not 
chlorophyll itself. However, we cannot see that these facts speak definitely against any concept 
including a photosynthetic unit. For, it is by no means certain that each molecule of carbon 
dioxide is directly bound to an active reduction center, it is not even certain that the important 
introductory reaction under discussion means the binding of carbon dioxide to the catalyst at 
which also the reduction centers are found. And even if we accept that the compound to which 
COg is bound is indeed the catalyst itself, wp must keep in mind that its surface may be much 
larger than the area actually active in the reduction of COg. To support this statement we only 
need to point to the difference in the order of magnitude of inhibiting concentrations gt'iierally 
existing between narcotics and specific poisons with respect to enzymatic reactions. Since 
Warburg’s considerations (^) regarding these questions it has been adopted as the reason 
for this difference that narcotics exert an appreciable inhibition by covering the whole surface 
of the catalyst, thus removing the substrates of the reaction which are assumed to be normally 
present there. On the other hand specific poisons only need to occupy the relatively small 
number of active spots, in order to stop the reaction. It, therefore, appears well conceivable 
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that the capacity of the catalyst under consideration is much larger with respect to ))inding of 
the substrate carbon dioxide than its capacity of converting this substrate, and thus the obser- 
vation mentioned above furnishes no direct evidence against the existence of only a limited 
number of active reducing centers. 

A few words may still be said regarding specific requirements necessaiy to account for a quick 
start of photosynthesis and a good efficiency in a concept of the type of ours. We call in mind that 
according to our assumption each molecule of chlorophyll transfers the energy of an absorbed quan- 
tum independently of absorption acts in other chlorophyll molecules; directly or indirectly the energy 
reaches an acceptor molecule which then becomes able to furnish a reducing agent reacting with 
carbon dioxide. Each act of a chlorophyll-molecule and of an acceptor molecule is in principle inde- 
pendent of preceding and following acts. The reaction scheme at the transfer system may be consi- 
dered to be the same for each quantum absorbed. The only place at which a more complicated reaction 
mechanism has to be supposed is at the system II {cf. § 1) at which carbon dioxide is reduced. Here 
each molecule of carbon dioxide must receive 4 hydrogen atoms in order to become converted into 
carbohydrate. This statement remains true also if one does not accept that 4 elementary reactions 
are sufficient to bring about this conversion in green plant cells; we may however take it for granted 
that the number of reactions is at least 4. Therefore the occurrence of a good efficiency requires 
that no much intermediate product is lost. This may be explained in two ways, viz., 1) by assuming 
that the intermediate products are stable, or 2) by assuming that they are quickly involved in the 
required subsequent reactions. The fact that photoB5mthesi8 becomes quickly stationary after the 
start of an illumination speaks in favour of the second possibility, imless it is assumed that inter- 
mediates present from a preceding illumination are pracd ically infinitely stable. However, it would be 
difficult to reconcile such a stability with the required reactivity of these products. Moreover, we 
must keep in mind that according to the experiments of Emerson and Arnold 1®) and the conside- 
rations of Gafpron and Wohl 20) the time of completion of a cyclus at the system reducing CO* is 
in the average only a few hundredths of a second at 25° C. We, therefore, have to consider how this 
quick completion is possible under the general assumptions of the kinetic type of the photosynthetic 
tmit. In our opinion the assumption is needed that the intermediates are preferent over COg in the 
reaction with the reducing agent furnished by the energy acceptor. If such a preference would not 
be present it is hard to imagine how a sufficiently quick total reduction of a molecule of carbon 
dioxide would be obtained, especially at low light intensities. A preference of intennediate 2 above 
intermediate 1 and so on needs not necessarily to be assumed with respect to the efficiency, but it is 
useful with respect to an explanation of the quick start of photosynthesis. 

At present L is difficult to visualize in detail the mechanism of such a preference. Perhaps it 
shows characteristics similar to those of the growth of silver specks in the latent image of a photo- 
graphic plate. Here the larger specks already formed have a greater probability to bind an electron 
than the smaller ones since in the latter the conditions are more favourable for dissociation (cf. (21)). 
In the same way in photosynthesis the preference of the intermediates might be explained. This 
should be seen as an equal average capturing of electrons by COg and the various intermediates, the 
more reduced intormcHliates. however, having a decreasv^d probability of releasing the electron again. 

In the scheme of photosynthesis recently proposed by Franck and Gafpron (l.c. p. 214) 
the capacity of the catalyst active in binding carbon dioxide, called „A*’, is assumed to limit 
the rate of photosynthesis under some conditions. According to unpublished measurements of 
Franck, French and Puck, mentioned in the quoted review (14), in leaves of Hydrangea 
such conditions would obtain. The insufficiency of the catalyst „A*' causes fluorescence to rise, 
for which fact Franck accounts in supposing that the COg-acceptor-complex constitutes the 
energy acceptor for the excitation energy of the chlorophyll. As was shown in the preceding 
paper, in purple sulphur bacteria we found no indications that COg is connected with the transfer 
of energy. Only an indirect influence of COg upon fluorescence was observed, which however 
corresponds with the type of change in fluorescence described for various agents in Hydrangea, 
viz., unaltered fluorescence at low and at high light intensities and increase at medium ones. 
This might suggest that also in Hydrangea the influence of the cyanide-sensitive catalyst is 
not a direct one. Unfortunately we have not yet sufficient data for Ghhrella at our disposal, 
sinoe so far we have investigated ChUrella only in Warburg buffer. As long as corre- 
lative data do not exist it may not be definitely excluded that carbon dioxide reacts differently 
in green plant cells and in purple bacteria. Since however, the cyanide sensitivity also in green 
cells is attributed to the catalyst reacting with CO2, a fundamentally similar role of CO2 in both 
types of organisms seems more probable. Kautsky 22) did not observe an influence of suitable 
concentrations of carbon dioxide upon the fluorescence of leaves and also concludes that it is 



RELATION BETWEEN PHOTOSYNTHESIS AND FLUORESCENCE OF BACTERIO-CHLOROPHYLL 3(>0 


not connected with the energy transfer. But we must be aware of the fact that the measure in 
which the effects of a certain agent become observable can depend strongly upon the relative 
amounts of the various catalysts involved in photosynthesis. Still very little is known of this 
relative distribution in the various plants that have been investigated; we know, however, 
especially from the work of Gappron 23)^ that it may widely differ even in taxonomically closely 
related species. 

Before passing to the discussion of the part of om* scheme that so far has a special bearing on the 
photosynthesis of purple sulphur bacteria, we will still deal for a moment with a remark made by 
Franck and Gappron 14) regarding our results obtained with Chlorella, and the schemes that are 
or are not excluded owing to these results. The mentioned authors remark that a scheme* like that 
of Franck and Herzpeld 16) in which the intermediate products are supposed to be very unstable 
and immediately fall back to a photosensitive state is reconcilable witli our experimental results. 
The answer to this remark is that the supposed instability of the intermediate products has the moa- 
ning of the introduction of an energy acceptor in abundance and thus means a separation of the chlo- 
rophyll from the subsequent dark reactions in the same way as was advocated by us. If on the other 
hand such a separation would not be accepted, the postulated properties of the intermediate products 
would either cause that the subsequent dark reactions would never become limiting (as was indeed 
supposed by Franck and Herzpeld) or that the yield would always be very low, and perliaps botli 
these consequences would obtain together. 

In our scheme the points discussed so far are considered to bo the same in green cells and 
in purple bacteria, as was already mentioned at the beginning of this section. On the olhor hand 
the experiments reported in the preceding paper enabled us to extend the scheme to the case of 
purple sulphur bacteria by a localisation of the action of the hydrogen donor. The chief feature 
of this action was that it is indispensible for the possibility oi energy transfer, and we consider 
this influence to be definitely proved with the aid of the fluorescence moasuroments. It appeared 
that, from the preliminary conceptions regarding the mechanism of photosynthesis in purple 
bacteria, the one given by van Niel in 1986 (24) answers most closely to the requirements of 
our experiments and therefore agrees best with our own views. 

Two further questoins may now briefly be discussed, viz., in how far also this part of the 
chain of photosynthetic processes is represented in green plant cells, and in how far the views 
of other authors agree with or may be „translated” in terms so as to make them agree with the 
present conceptions. As to the first point we can only say that a reaction limiting the available 
amount of energy acceptor was so far not found in our experiments on Chlorella, and similar 
evidence regarding other green cells does not yet exist. 4’he result obtained with Chlorella seems 
easily acceptable as soon as one regards water in a bound fonn as the energy acceptor in that 
case; one cannot well imagine that this acceptor should have to undergo a reaction beforehand 
or should ever be available only in a limited amount. The matter changes if carbon dioxide 
should prove to play a role in the transfer of energy, as was mentioned already above to be 
advocated by Franck c.s. But such a reaction can no longer be compared with the way of for- 
mation of the energy acc.eptor so far found in purple bacteria. 

Franck and Gaffron have suggested that the main difference between the mechanism of 
photosynthesis in green plant cells and in purple bacteria is, that in green plant cells photo- 
chemically built intermediate peroxides are split and removed with liberation of oxygen whereas 
in purple bacteria they are removed by reduction at the expense of the hydrogen donor. If we 
accept this formulation we will have to consider the intermediate peroxides as occupying the 
places at the system of energy transfer at which no acceptation of energy is possible (called 
„empty places” in § 2 of the present paper). For it has been proved by our fluorescence measure- 
ments that in purple sulphur bacteria the action of the hydrogen donors is necessary to establish 
or reestablish a situation at the transfei system so that transfer of energy is possible. Drawing 
the parallel in the case of Chlorella we so far can only say that the corresponding reaction, thus 
according to Franck and Gaffron the splitting of a peroxide, does not limit the transfer of 
energy under the conditions of our experiments. This does not exclude that such a limitation 
may normally be realized in other green cells, the more so in view of the evidence that the 
relative capacities of various limiting systems may differ in various organisms. 
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We have seen that the energy transit in purple sulphur bacteria is not directly sensitive 
to cyanide. As a rule the catalatic reactions are assumed to be cyanide-sensitive; in cases that 
a reaction of this type determines the energy transfer fluorescence would be expected to answer 
to cyanide in a way analogous to that observed for the influence of temperature and ph in purple 
sulphur bacteria. The catalyst responsible for the liberation of oxygen in green cells is calied 
by Franck and Oaffbon. They consider this catalyst not to normally responsible 
the influence of cyanide upon photosynthesis, but the catalyst A, leading to the primary binding 
of carbon dioxide. This reaction is supposed to connect carbon dioxide with an acceptor molecule, 
and the acceptor-carbon dioxide molecule is supposed to be involved in a photochemical reac^ 
tion, so in terms of our conception carbon dioxide is supposed to be bound to the system of 
eneigy transfer. As was exposed in our experimental paper and also mentioned above, we 
have evidence against such a supposition in the case of purple sulphur bacteria. It will be 
evident from the above considerations that Fbanok and Gaffbon’s term „intermediate 
peroxides” may be transported to our results on purple bacteria as far as they are considered 
to be the substrate of the reducing action of the hydrogen donors. It is however essential to 
consider these „peroxides” to inhibit directly the transfer of energy. Whether these inter- 
mediate products in green cells and in purple bacteria actually have the character of peroxides 
is, however, unknown. 

If we summarize the survey of data issued from our own experiments and from those of 
various other authors, we may consider the existence of the following partial processes in pho- 
tosynthesis to be fairly well established: 

1) a light reaction including a transfer of energy, both in green cells and in purple sulphur 
bacteria; 

2) a dark reaction in which carbon dioxide is bound, in green cells; 

8) a dark reaction in which carbon dioxide is reduced, both in green cells and in purple sulphur 
bacteria; 

4) a dark reaction involving the hydrogen donor, essential for the energy transfer to the 
reactive system, in purple sulphur bacteria; 

6) a reaction leading to the liberation of oxygen, in green plant cells. 

It remains to be established in how far the reactions 4) and 5) replace each other at the 
transfer system in green cells and in purple bacteria according to the recent views of Fbanok 
and Gaffron, and also in how far carbon dioxide plays an analogous or a different r61e in both 
types of photosynthetically active organisms. 

A few words may be said concerning the introductory changes of fluorescence after the 
start of an illumination. In general these changes consist in a quick „outburst” of fluorescence, 
followed by a quick decay, after which a slower rise and thereafter a still slower decay follow. 
In green plants this type of curves was first observed by Kautbky 26) and his co-workers; 
we have studied it in detail under exactly established conditions with suspensions of ChloreU 
la (26) in order to see in how far it could be explained upon the basis of the knowledge gained 
from the study of steady fluorescence and gas exchange. A correlated study of fluorescence and 
gas exchange in the initial stages of illumination has also since long been planned (26), and is 
now in progress. Mybbb and Mo Alisteb 27) carried out such a study with higher plants, and 
indeed found a close relationship between the induction phenomena of fluorescence and of gas 
exchange. Kautbky 28) has laid much stress upon the r61e of oxygen in* connection with the 
fluorescence phenomena, even goix^ so far as to attribute to oxygen the r61e of the chief energy 
acceptor in the process of photosynthesis. Without accepting the latter conclusion we also found 
definite evidence for a fluorescence-decreasing action of oxygen m Chlarella, So it was tempting 
to explain, in accordance with Kautbky, the gradual decay of fluorescence after about minute 
of illumination by the action of the oxygen developed in photosynthesis, and reversely, to con- 
nect a high fluorescence with a reduc^ state of the system of energy transfer (2, 26), Also 
Fbanck and Oaffbon especially according to still unpublished observations of Fbanok, 
Fbenoh and Fuck consider the induction phenomena of gas exchange and fluorescence to be 
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closely related, and they look upon the oxygen-liberating catalyst as the chief seat of the in- 
duction phenomena. 

We wish to emphasize here that our preliminary observations on the initial changes of 
fluorescence in purple sulphur bacteria (i) show that the fluorescence- time-curves — perhaps 
apart from the first few seconds — have a great similarity with those obtained in green cells. 
This necessitates to consider the action of oxygen, at least as far as it determines the chief shape 
of the curve not to be exclusive. Therefore, as was already done in our paper on Chlorella (26), 
it is perhaps better to explain the fluorescence-phenomena in terms of oxido-reductive changes. 
One difficulty still remains, as was also already mentioned before (l). In Chlorella wo were forced 
to relate high fluorescence to a reduced state «and low fluorescence to a relatively oxidized one. 
Now we found in the study on steady fluorescence of purple sulphur bacteria that a reduced 
state is connected with a good energy transfer and thus with a low fluorescence, whereas a 
high fluorescence obviously corresponds with a non-reduced state. This is a discrepancy, and 
until further experiments have been made, we cannot decide whether the explanation, given 
for the induction phenomena in Chlorella is right or wrong. 

Another useful line of approach to the study of the induction phenomena in photosynthesis 
has already been found in the measurement of bioelectric potentials. Especially the measure- 
ments of Blinks and Skow 29) may be mentioned in this connection. They followed the changes 
in acidity upon illumination with a glass-electiode and with reserve they consider these changes 
as being due to changes in uptake and production of carbon dioxide. Besides this they also 
attempted to follow the course of the oxygen production with the aid of a eathodally polarized 
platinum-electrode. The mentioned observations were made only with green plants: with leaves 
and with some large marine algae. 

It seems important to study these and similar phenomena also m pur])lo bacteria. So far 
in this respect only one prelitrunary observation is available, made by Koelofsen '^9) 1935 . 

Although the initial changes W(‘re not recorded, it is obvious that Ikto illumination causes an 
effective rise in the redox-potential of the suspension. This rise was about 60 millivolt, viz., 
from about — 120 millivolt in the dark to about — 60 millivolt in the light in the aliscmce of 
externally added hydrogen donors, in the presence of thiosulphate a rise of about 120 millivolt, 
viz., from about • — 120 to about 0 millivolt was record(‘d upon illumination. In relation with 
these preliminary results we wish to emphasize that a production of oxygon in ihose cases does 
not come into consideration to explain the rise of potential upon illumination, whereas besides 
this the highest rise is obtained in the case that a reducing siibstanco was added. Since photo- 
synthesis is allowed to proceed quicker in the last mentioned case it is plausible that the change 
in potential is anyhow connected with the production of an oxidized by-product in photo- 
synthesis. 

All investigators in the field of photosynthesis are convinced, we feel, that photosynthesis, 
pigment-fluorescence and bioelectric potentials are closely related and under many conditions 
show correlated changes. At present, however, the first task still seems to bo to establish more 
definitely the connections that exist between these phenomena, and it occurs to us that it is 
dangerous to interpret changes in fluorescence or changes in bioelectric potentials directly into 
terms of changes in the rate of photosynthesis. Hereto we are not yet sufficiently acquainted 
with the causes of change in the mentioned phenomena, especially under the complicated con- 
ditions of the non-steady state. At present the chief difficulty no doubt lies in the development 
of a sufficiently quick, independent measurement of gas exchange. The use of accumulation- 
measurements with the intercalation of recovery-periods (c/. (26)) promises to give here the 
most satisfying results. 

Anyhow for the connection of photosynthesis and fluorescence we have a preliminary 
survey of the conditions under which both phenomena are linked and of those under which 
they are not linked. Briefly this may be summarized as follows. In the stationary state of 
illumination a change in photosynthesis is accompanied by a change in fluorescence as soon as 
the reaction limiting photosynthesis is in some way connected with the transfer of energy from 
the pigment. If this is not the case a change in the rate of photosynthesis will not be accompanied 
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by a change in fluorelcence-intensity. However, also-i^ change in fluorescence may occur wilhpuli 
a change in photoi^thetic jate* As’wTule this wilt only he realizable at high light intensities, 
vis,, when photosynthesis is already* limited by another process. A close examination of the 
relation between photosynthesis and fluoresc6pce in the non-stea*dy state still seems worth, 
while notwithstanding the useful attempts alrefidy made, especially by .,Myebs and 
Me Alistbr27). 

Some years ago an important discovery was made by Gawfron (cf. 14)), viz., %hxLt certain algae 
are able to acquire a reduced state in which they may assimilate carbon dioxide with a simultaneous 
uptake bf hydrogen, similar to what is known in purple bacteria. It is of great importance to establish 
in how far also the more intimate mechanism of this process is related to th<^ process going on m 
purple bacteria, especially whether the hydrogen donor action in these cases is also connected with 
the transfer of iS^ht energy. To study this,, fluorescencie may again prove to be a helpful tool. 

Summarizing the considerations presented in this paper we may state that at present a 
satisfactory brute mechanism for thfe course of photosynthesis in purple sulphur bacteria can be 
given, founded upon the combined study of gas exchange and fluorescence. As to the induction 
phenomena and the connection with green plant photosynthesis, however, a number of points 
of primary importance, remain to be elucidated. 

Summary. 

Founded upon the correlative exporimentB on photosynthesis and fluorescence, 
and upon the discussions, presented in the preceding paper, a scheme describing the 
course of photosynthesis in purple sulphur bacteria has been developed (§ 1). It can be 
denoted as an extension of ^the scheme preseiit(‘d earlier for Chlorella photosynthesis (®) 
on the basis of an analogous study. 

In § 2 a mathematical formulation of the ideas oui lined in § 1 has be(oi given, which 
also Ciiii bo seen as an extension of the formulation given earlier for Chlorella photo- 
syiithesis (^). 

In § a g('neral survey of data in connection wit.h a discussion of recent literature 
and an outlook on the comparative physiology of photos^mthosis has been given. It 
appi ars that in urdc^r to achieve a detailed coiiiioction ]>etween photosynthesis of purple 
bacteria and of grt^im cells, important questions still have to be elucidated. 
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